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ABSTRACT
Studies were conducted to determine the effectiveness of Bacillus 
thuringiensis {Bt) insecticides and transgenic Bt cotton in controlling the 
boilworm (BW), HeUcoverpa zea (Boddie) and tobacco budworm (TBW), 
Heliothis virescens (F.), complex. Laboratory tests indicated that rates >
1.17 liters (form)/ha caused TBW mortality significantly higher than the 
untreated control 2 hours after treatment (HAT). Dipel ES® at 4.68 liters 
(form)/ha and Condor OF® >  0.58 liters (form)/ha caused significantly higher 
TBW mortality than the untreated control at 72 HAT. TBW mortality levels 
did not significantly increase as Dipel ES® or Condor OF® dosage rates 
increased. Results of a persistence study with Dipel ES® indicated that 
mortality decreased by ca. 50% within 24 HAT and mortality was negligible 
by 48 HAT. Field trials evaluating Dipel ES® and Condor OF® indicated that 
rates ^  1.17 liters (form)/ha significantly reduced BW and TBW damaged 
squares below that found in the untreated control.
TBW larvae exposed to a single application of Dipel ES® at 0.29 or
1.17 liters (form)/ha required significantly more days to reach the pupal stage 
(ca. 2 and 4  days respectively) and had a longer developmental cycle (larva 
to adult) 0 2  and 5 days respectively) than unexposed larvae. There was no 
significant effect of Dipel ES® on pupal weight or days to adult eclosion. TBW 
larvae exposed to Dipel ES® at 1.17 liters (form)/ha had significantly lower
XII
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larval weights at 6 and 10 days after treatment and significantly lower adult 
survival than unexposed TBW.
Results of field and laboratory trials with selected commercial Bt 
products indicated that all Bt insecticides provided control of TBW that was 
significantly better than untreated plots. Experiments with selected cotton 
cultivars and application volumes of Dipel ES® demonstrated that application 
volume did not have a significant effect on BW and TBW control, A Louisiana 
frego bract cotton line, LA 850082, was confirmed to exhibit some levels of 
resistance to BW and TBW and boll weevil, Anthonomus grandis grandis 
Boheman. Results of studies with transgenic Bt cotton lines showed that 
these constructs provided control of TBW comparable to that observed with 
recommended chemical control strategies.
XIII
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INTRODUCTION
The cotton boilworm, HeUcoverpa [ = Heliothis) zea (Boddie), and the 
tobacco budworm, Heliothis virescens (F.), are distributed throughout 
Louisiana cotton production regions. Damage to cotton is almost identical for 
both insects (Brazzel et al. 1953). Both species overwinter as pupae in the 
soil and emerge early in the spring to feed on wild hosts with later generations 
infesting cotton. In Louisiana, three to five generations of the boilworm and 
tobacco budworm complex develop during a crop year with one generation 
requiring approximately 27-35 days (Brazzel et al. 1953).
The boilworm and tobacco budworm complex has reached a status of 
primary importance as a pest in cotton (Brazzel et al. 1953, Sparks 1981). 
These pests cause an annual yield reduction of 4.9%, yet an average of $30 
million per year is spent to maintain yield reductions at those levels (adapted 
from R. B. Head 1990, 1991, 1992, 1993; Williams 1994). The tobacco 
budworm has developed resistance to all recommended classes of insecticides 
used on cotton (Sparks 1981; Leonard et al. 1988; Campanhola and Plapp 
1989; Elzen et al. 1992, 1993; Martin et al. 1992). The boilworm has also 
developed resistance to all recommended classes of insecticides in Arkansas 
(Abd-Elghafarat al. 1993), but resistance has not been detected in Louisiana. 
Resistance to DDT in the tobacco budworm was first reported by Graves et 
al. (1967) in Louisiana. As resistance occurred to the chlorinated 
hydrocarbons, many producers relied on organophosphate insecticides (Sparks
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21981). However, resistance to these compounds was observed during 1968 
in Texas and spread throughout the cotton production region after only a few 
years (Sparks 1981, Plapp et al. 1990). The pyrethroids were introduced in 
1978 for boilworm and tobacco budworm control (Plapp et al. 1990). 
Pyrethroids continue to be used as the primary chemical control strategy 
although tobacco budworm resistance has developed in many cotton 
producing regions (Luttrell et al. 1987, Leonard et al. 1988, Elzen et al. 1992, 
Graves et al. 1993).
With the development of resistance to a class of insecticides in the 
past, producers simply switched to an alternate class (Sparks 1981). 
Currently however, there are few insecticides available to replace the 
recommended commercial standards. The occurrence of resistance in tobacco 
budworm to the current recognized standards has prompted the development 
of insecticide resistance management strategies to prolong insecticide efficacy 
(Luttrell 1987, Plapp 1987, Roush and Luttrell 1987, Graves et al. 1988, 
Leonard et al. 1993, 1994).
Insecticide resistance management recognizes all integrated pest 
management strategies that may forestall the further development and spread 
of insecticide resistance. It may also be considered biological population 
management because it seeks to conserve susceptible traits in the population 
(McGaughey and Whalon 1992). Insecticide resistance management is based 
on four strategies: 1 ) use of alternate mortality sources that do not select
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3from the same mechanism, 2) reduction of selection pressure from each major 
mortality inducing mechanism, 3) réfugia conservation to maintain a resource 
of insecticide susceptible individuals and 4) use of diagnostic techniques and 
models for monitoring insecticide resistance levels (McGaughey and Whalon 
1992). However, insecticide resistance management after resistance has 
already occurred is only a short-term solution, and innovative insect pest 
management strategies are desperately needed.
One alternative to conventional synthetic chemical products is the use 
of microbial insecticides. Microbial insecticides such as those containing 
isolates of Bacillus thuringiensis have been shown to be active against many 
insect pests. Bacteria are the most widely used microbial pesticides and have 
been shown to be relatively nontoxic to nontarget animals (Ignoffo et al. 
1974, Flexner et al. 1986).
With the newer formulations of 8. thuringiensis, strategies currently 
being advocated for season long control of boilworm and tobacco budworm 
in Texas are rates of 0.15*0.58 liters (form)/ha of these compounds (Green 
and Hutchins 1993, Plapp 1993). Plapp (1993) suggests that immediate 
larval mortality is not the goal of low dose applications of B. thuringiensis. 
Instead, the primary goal is to slow the development of tobacco budworm and 
expose them to alternate sources of mortality such as predators and 
parasitoids. Under insecticide resistance management in Louisiana, B. 
thuringiensis insecticides combined with chemical ovicides are recommended
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4during the early part of the cotton growing season to control low to moderate 
infestations of tobacco budworm. This combination is suggested in order to 
minimize exposure of tobacco budworm to the pyrethroid and 
organophosphate insecticides, which are recommended later in the season 
when the second and third generation occur. Other strategies being 
advocated are use of insect resistant cotton cultivars treated with B. 
thuringiensis compounds for boilworm and tobacco budworm control (Wilcox 
et ai. 1993, Barfield et al. 1994, Robertson et al. 1993) and the use of 
transgenic plants that express the B. thuringiensis toyûn (Barton and Limbeck 
1989; Perlaketal. 1990; Benedict et al. 1991, 1992; Gannaway et al. 1991; 
Jenkins et al. 1991, 1992; Micinski and Caldwell 1991; Williamson and 
Deaton 1991; Wilson and Flint 1991). The studies presented in this 
dissertation were conducted to evaluate selected strategies for using B. 
thuringiensis products and transgenic cotton strains expressing B. 
thuringiensis toxins to manage boilworm and tobacco budworm in Northeast 
Louisiana.
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RESEARCH OBJECTIVES
I. Determine the efficacy of selected doses of Bacillus thuringiensis var. 
Ari/rsfa/r/insecticides against tobacco budworm larvae in laboratory and 
field tests.
II. Determine the effects of selected rates of Dipel ES® (0.29 and 1.17 
liters (form)/ha) on tobacco budworm growth and survival.
III. Evaluate the effects of selected dosages and application volumes of 
Dipel ES® against boilworm and tobacco budworm on three cotton 
genotypes.
IV. Evaluate genetically engineered (transgenic) cotton genotypes 
containing the Bacillus thuringiensis var. kurstaki endotoxin for 
compatibility with insect pest management strategies.
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CHAPTER 1
LABORATORY AND FIELD EVALUATIONS OF Bacillus 
thuringiensis Berliner FOR MANAGEMENT OF TOBACCO 
BUDWORM (LEFIDOPTERA: NOCTUIDAE)
Introduction
The cotton boll worm, Helicoverpa {=Hel/othis) zea (Boddie), and the 
tobacco budworm, Heliothis virescens (F.), complex are primary insect pests 
in cotton (Brazzel et al. 1953, Sparks 1981). Over the past five years in 
Louisiana, these pests accounted for an average yield reduction of 4.9% per 
year with chemical control costs exceeding $30 million per year (adapted from 
Head 1990, 1991, 1992, 1993; Williams 1994). The tobacco budworm has 
developed resistance to all recommended classes of insecticides used on 
cotton (Sparks 1981 ; Leonard et al. 1988; Campanhola and Plapp 1989; Elzen 
et al. 1992, 1993; Martin et al. 1992). However, widespread field control 
failures with chemical insecticides have been prevented with the 
implementation of resistance management strategies (Roush and Luttrell 
1987, Graves et al. 1988, Leonard et al. 1993, Plapp 1993, Leonard et al. 
1994). However, insecticide resistance management is only a short-term 
solution and innovative insect pest management strategies are desperately 
needed.
Bacillus thuringiensis Berliner insecticides have potential as cotton 
insect pest management tools although problems with persistence have 
limited commercial use. Their efficacy is highly sensitive to environmental
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
conditions in cotton fields and when exposed to UV light, the crystal protein 
undergoes rapid degradation (Ignoffo et al. 1974, Krieg 1975, Ignoffo et al. 
1977). Considerable research has attempted to improve B. thuringiensis field 
persistence using ultraviolet absorbers (Jaques 1972, Hostetter et al. 1975, 
Morris 1983), encapsulation (Raun and Jackson 1966) and addition of clay 
granules (Raun and Jackson 1966, Ahmed etal. 1973) to spray formulations.
The insecticide resistance management plan developed by scientists 
from Arkansas, Louisiana and Mississippi suggests the use of 8. thuringiensis 
insecticides with chemical ovicides for control of low infestations of tobacco 
budworm during phase 1 (June) of the cotton growing season (Leonard et al. 
1993, 1994).
The primary objective of these studies was to determine the efficacy 
and persistence of two 8. thuringiensis var. kurstaki insecticides, Dipel ES® 
and Condor OF®, compared to a standard chemical insecticide, Larvin 3.2F®, 
at several rates in laboratory and field tests. A second objective was to 
compare efficacies of selected 8. thuringiensis insecticides to that of Larvin 
3.2F® at several rates in laboratory and field tests. The information generated 
in these studies will be used to define effective rates of 8. thuringiensis 
insecticides used for tobacco budworm management in cotton.
Materials and Methods
Insects. Tobacco budworm larvae were obtained from the Louisiana 
State University Department of Entomology laboratory reference colony (LSU-
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LAB), the Southern Insect Management Laboratory reference colony, USDA- 
ARS, Stoneville, MS, (STV-LAB), or from field collections in the Macon Ridge 
region of Louisiana (MRS93) during June 1993 and near Ferriday, LA (FDY94) 
during June 1994. Tests with field-collected tobacco budworm larvae were 
conducted within three generations of field collection. All tobacco budworm 
larvae were reared on a pinto bean and wheat germ diet (Leonard et al. 1988) 
at ambient conditions in an open air insectary prior to laboratory tests.
Application of insecticides. Treatments were applied with a tractor 
mounted spray boom and compressed air delivery system calibrated to deliver 
93.5-102.9 liters/ha at 2.0-3.8 kg/cm^ through two TX-8, TX-10, 8001, 
80015 or 8002 nozzles equally spaced per row. Treatments also were also 
applied with a high clearance sprayer equipped with a COj system calibrated 
to deliver 93.5 liters/ha at 4.4 kg/cm^ through two TX-12 nozzles equally 
spaced per row.
Plant terminal bioassays. In 1992, 1993 and 1994, Dipel ES® (B. 
thuringiensis Berliner var. kurstaki strain HD-1,242 .2  billion international units 
(BlU)/liter, Abbott Laboratories, North Chicago, IL) and Condor OF® (S. 
thuringiensis Berliner var. kurstaki strain EG2348, 329.3 BlU/liter, Ecogen, 
Inc., Langhorne, PA) were evaluated for efficacy against tobacco budworm 
larvae in laboratory trials at the Macon Ridge branch of the Northeast 
Research Station and the Northeast Research Station near Winnsboro and St. 
Joseph, Louisiana, respectively. These insecticides were tested at rates of
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0.29, 0.58, 1.17, 2.34 and 4.67 liters (form)/ha compared to thiodicarb 
(Larvin 3.2 F®; Rhone Poulenc Ag. Co., Research Triangle Park, NO) at 1.17 
liters (form)/ha. Treatments were arranged in a randomized block design with 
3-5 replications for each experiment. Plots consisted of three or four rows of 
cotton plants (1.02 m centers) by 15.2 m.
Dipel ES® was evaluated for efficacy against LSU-LAB tobacco 
budworm in 1992. The first two replicates were done in a field of Stoneville 
453 cotton planted 15 May and the third replicate in a field of Deltapine 51 
cotton planted 17 June. Treatments were applied on 1 July, 29 July and 3 
August to replicates one, two and three, respectively. No rainfall occurred 
during this test.
Dipel ES® was evaluated for efficacy against field-collected tobacco 
budworm in 1993 (MRS93 colony) and 1994 (FDY94 colony). The first 
replicate was done in a field of Chembred 1233 cotton planted 14 May and 
the second replicate in a field of Stoneville 453 cotton planted 1 July. 
Treatments were applied on 27 July and 10 September to replicates one and 
two, respectively. The plots received 0.08 and 0.15 cm rainfall on 29 July 
and 13 September respectively. In the 1994 test, the first replicate was done 
in a field of Deltapine 5690 cotton planted 13 May and the second replicate 
in a field of Deltapine 51 cotton planted 3 June. Treatments were applied on 
12 July and 16 August to replicates one and two, respectively. The plots 
received 0.51, 1.57 and 1.04 cm rainfall on 13, 14 and 15 July, respectively.
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Efficacy data for Dipel ES® against the MRS93 and FDY94 tobacco budworm 
collections were combined and analyzed as one experiment.
Condor OF® was evaluated in 1993 for efficacy against the LSU-LAB 
colony. Two replicates of this test were done in a field of Deltapine 51 cotton 
planted 17 May and two replicates in a field of Deltapine 51 cotton planted 
8 May. Treatments were applied on 11, 15 and 29 June and 6 July to 
replicates one, two, three and four, respectively. The plots received 0.46 cm 
rainfall on 12 June and a trace of rainfall on 17 June.
Condor OF® was evaluated in 1994 for efficacy against the FDY94 
colony. The first replicate of this test was done in a field of Deltapine 51 
cotton planted 3 June. Three additional replicates were done in a field of 
Deltapine 51 cotton planted 1 July. Treatments were applied on 19, 22, 22 
and 30 August to replicates one, two, three and four, respectively. The plots 
received 4.78 and 1.45 cm rainfall on 20 August and 1 September, 
respectively.
In each test, twenty-five cotton plant terminals (apical portion of the 
main stem containing 1 fully expanded leaf and all unexpanded leaves) were 
randomly collected from each plot and placed in 12 ml florist water pics (Aqua 
Pic®; Dakota Plastics, Watertown, SD) held in wooden trays within 2 h of 
insecticide application. Twenty-five additional terminals were collected from 
the plots 72 h posttreatment. One or two 2"^  instar tobacco budworm larvae 
(<  4  days old, ca. 3.3-7.7 mg) were placed on each plant terminal. The
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entire terminal was covered with a 473.2 ml plastic Dixie® (James River Corp., 
Norwalk, CT) or Solo® (Solo Cup Co., Urbana, IL) cup. Larvae were confined 
to plant terminals for 72 h after which time mortality was recorded. A larva 
was considered dead if it was unable to right itself within 1 5 s  after being 
prodded.
Mortality within each test was corrected for that observed on untreated 
terminals using Abbott's formula (1925). Data were transformed using 
Arcsine square root (X + 0.01) and subjected to analysis of variance 
(ANOVA) using the general linear models (SAS Institute 1989). Means were 
compared using Least Squares Means of the transformed mortality values. 
Untransformed data are reported.
Persistence of Dipel ES®. In 1994, Dipel ES® was evaluated for 
persistence and efficacy against tobacco budworm at the Macon Ridge branch 
of the Northeast Research Station. Treatments consisted of 3 levels of 
insecticide (untreated, Dipel ES® at 0.29 liters (form)/ha and Dipel ES® at 1.17 
liters (form)/ha) and 3 levels of time interval posttreatment (2, 24 and 48 h). 
Treatment combinations were placed in a factorial arrangement within a 
randomized block design with 4 replications. Plots consisted of two rows of 
Deltapine 51 cotton (1.02 m centers) by 15.2 m planted 18 April. Treatments 
were applied on 6 June. No rainfall occurred during this test.
At 2, 24 and 48 h after insecticide application, 25 terminals were 
randomly collected from within each plot and placed in water pics. They were
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then infested with 2^ instar LSU-LAB tobacco budworm larvae {<  4 d old, ca. 
3.3-7.7 mg) as described in the plant terminal bioassays.
Mortality within each test was corrected for that observed on the 
insecticide untreated terminals using Abbott's formula (1925) and subjected 
to analysis of variance (ANOVA) using the general linear models (SAS Institute 
1989). Treatment means were compared using Least Significant Differences.
Field efficacy tests with Dipel ES® and Condor OF®. In 1992, 1993 and 
1994 the efficacy of Dipel ES® and Condor OF® were evaluated against 
tobacco budworm at the Macon Ridge branch of the Northeast Research 
Station in several field trials. Dipel ES® and Condor OF® were tested at the 
same rates as those used in the plant terminal bioassays.
In 1992, Dipel ES® was evaluated against tobacco budworm in three 
tests. Test 1 consisted of Deltapine 51 cotton planted 17 May, Test 2 
consisted of Stoneville 453 cotton planted 10 May and Test 3 consisted of 
Stoneville 453 cotton planted 10 July. Treatments were applied on 21 July 
(ca. 5% tobacco budworm infested plant terminals), 29 July (5-10% tobacco 
budworm infested plant terminals) and 6 August (5-10% tobacco budworm 
infested plant terminals) to plots in Test 1, Test 2 and Test 3, respectively. 
Test 1 was evaluated on 24 July, Test 2 on 3 August and Test 3 on 10 
August. In Test 1, the plots received 0.43 and 0.28 cm rainfall on 22 and 23 
July, respectively. In Test 2, no rainfall occurred. In Test 3, the plots 
received 1.2 cm rainfall on 9 August. Larvae collected at these test sites at
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the Macon Ridge branch of the Northeast Research Station at the time of 
treatment applications and reared to adults indicated that tobacco budworm 
comprised the majority {> 90%) of the field infestations.
Condor OF® was evaluated in a single test during 1993 and again in 
1994. Plots consisted of Stoneville 453 cotton planted 1 July and Deltapine 
51 cotton planted 1 July in 1993 and 1994, respectively. Treatments were 
applied on 30 August in 1993 (25% tobacco budworm infested plant 
terminals) and 22 August (30% tobacco budworm infested plant terminals) 
in the 1994 test. Pheromone trap collections at the Macon Ridge branch of 
the Northeast Research Station in 1993 and 1994 indicated that tobacco 
budworm comprised a majority of the population (>  70% and >65% , 
respectively) at the time of treatment applications. The plots received 0.76 
cm rainfall on 3 September in the 1993 test and no rainfall occurred during 
the 1994 test.
Treatments were evaluated by sampling a minimum of 50 but not more 
than 200 randomly picked squares (within 5 nodes below the plant terminal) 
from the center rows of each plot for tobacco budworm injury and squares 
infested with larvae. A square was recorded as damaged by larvae if feeding 
penetrated entirely through the corolla or calyx. All variables were subjected 
to analysis of variance (ANOVA) within each test and across tests using the 
general linear models (SAS 1989). Means were compared using Least 
Squares Means.
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Laboratory bioassay of selected B. thuringiensis insecticides. Selected 
B. thuringiensis insecticides were evaluated for efficacy and persistence 
against STV-LAB tobacco budworm in a randomized block design with 5 
replications. The treatments and rates tested were: Condor OF® (1.17 liters 
[form]/ha); Design 50WP® (B. thuringiensis ^ erWner war. a/zawa/strain GC-91, 
5.0 BlU/kg, Ciba-Geigy Corp., Greensboro, NC, 0.45 kg [form]/ha); Dipel ES- 
NT® (B. thuring iensiskurstaki, 100.3 BlU/liter, Abbott Laboratories, North 
Chicago, IL, 1.17 and 2.34 liters [form]/ha); Javelin WG® (B. thuringiensis war. 
kurstakisxra\r\ SA11, 6.5 BlU/kg, Sandoz Crop Protection Corp., Des Plaines, 
IL, 0.45 kg [form]/ha); MVP® (B. thuringiensis var. kurstaki encapsulated in 
Pseudomonas fluorescens, 0.41 kg J-endotoxin killed in P. fluorescensl3.8 
liters, Mycogen Corp., San Diego, CA, 1.17 liters [form]/ha); Raptor® {B. 
thuringiensis var. kurstaki strain BMP 123, 181.8 BlU/liter, American 
Cyanamid Co., Wayne, NJ, 1.17 and 2.34 liters [form]/ha) and thiodicarb at 
1.17 liters (form)/ha. Plots consisted of 4  rows of Deltapine 51 cotton (1.02 
m centers) by 15.2 m planted 3 June. Treatments were applied on 29 July. 
At 2 and 72 h after insecticide application, 10 plant terminals were randomly 
collected from the center rows within each plot and placed in 29.6 ml clear 
plastic diet cups. One 2"^  instar STV-LAB tobacco budworm larva (<  3 days 
old; ca. 3.3-7.7 mg) was placed in each cup and confined for 72 h after 
which time mortality was recorded. A larva was considered dead if it was 
unable to right itself within 15s after being prodded. Mortality was corrected
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for that observed on untreated terminals using Abbott's formula (1925) and 
subjected to analysis of variance (ANOVA) using the general linear models. 
Means were compared using LSD (SAS 1989).
Field efficacies of selected B. thuringiensis compounds. The efficacies 
of selected B. thuringiensis insecticides were evaluated for tobacco budworm 
control at the Macon Ridge branch of the Northeast Research Station in 1992 
and 1993 in replicated field trials. The insecticides and rates tested were: 
Biocot® (8. thuringiensis kurstaki, 121.1 BlU/liter, Du Pont, Wilmington, 
DE, 1.17 and 4.67 liters [form]/ha ); Condor OF® (1.17 and 2.34 liters 
[form]/ha), Delta BT® (B. thuringiensis var. kurstaki, 335.0 BlU/liter, Delta 
Biological Products, Inc, Mer Rouge, LA, 0.58 and 1.17 liters [form]/ha); 
Design 50WP® at 1.12 and 2.24 kg [form]/ha; Dipel ES® (1.17 and 2.34 liters 
[form]/ha); Javelin WG® at 0.56 and 1.12 kg [form]/ha); MVP® (4.67 liters 
[form]/ha) (1993), SAN 420i (B. thuringiensis var. kurstakisxram SA 12, 18.6 
BlU/kg, Sandoz Crop Protection Corp., Des Plaines, IL, 0.56 kg [form]/ha) 
(1993); Vault WP® (B. thuringiensis var. kurstaki, 3.3 BlU/kg, Sandoz Crop 
Protection Corp, Des Plaines, IL, 0.56 and 2.24 kg [form]/ha) and thiodicarb 
(1.17 and 1.75 liters [form]/ha).
In 1992, treatments were arranged in a randomized block design with 
3 replications and each test was repeated on 3 dates. Plots consisted of 3 
rows (1.02 m centers) by 15.2 m of Deltapine 51 cotton planted 8 May. 
Insecticides were applied 21 July (ca. 5-10% tobacco budworm infested plant
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terminais), 20 August (24% tobacco budworm Infested plant terminals) and 
25 August and evaluated on 24 July, 25 August and 1 September, 
respectively. Larvae collected at these test sites at the Macon Ridge branch 
of the Northeast Research Station at the time of treatment applications and 
reared to adults indicated that tobacco budworm comprised a majority {>  
90%) of the field infestations. For application date 1, the plots received 0.41 
and 0.28 cm rainfall on 22 and 23 July, respectively. For application date 2, 
the plots received 0.28 cm rainfall on 23 August. For application date 3, the 
plots received 11.5 and 1.4 cm rainfall on 26 and 27 August, respectively.
In 1993, the test consisted of a randomized block design with 3 
replications. Plots were planted 8 June and consisted of 3 rows (1.02 m 
centers) by 15.2 m. Insecticides were applied 23 August (25% tobacco 
budworm infested plant terminals) and treatments were evaluated 27 August. 
Adult males collected in pheromone traps at the Macon Ridge branch of the 
Northeast Research Station indicated that tobacco budworm comprised a 
majority ( >  70%) of the population at the time of treatment applications. No 
rainfall occurred during this test.
Treatments were evaluated by examining a minimum of 100 but not 
more than 200 squares (within 5 nodes below the plant terminal) per plot for 
damage, incidence of feeding and squares infested with larvae. Feeding was 
characterized by recording the total number of squares that had been fed on 
without penetrating the square plus those that were damaged. All variables
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were subjected to analysis of variance (ANOVA) using the general linear 
models and means compared using LSD (SAS 1989).
Results
Plant terminal bioassays, Dipel ES®. In 1992, mortality in the untreated 
plots averaged 22.4% for the 2 h posttreatment sample and 20.2% for the 
72 h posttreatment sample. Dipel ES® at 1.17 liters (form)/ha caused 29.0%  
mortality and was the lowest rate of Dipel ES® that caused mortality 
significantly different from the untreated control at 2 h posttreatment (F = 
9.24; df = 6, 12; P = 0.0006) (Figure 1.1). Dipel ES® caused 36.4%  
mortality at 4.67 liters (form)/ha, which was significantly lower than mortality 
caused by thiodicarb (66.4%). The highest rate of Dipel ES® did not produce 
greater mortality than rates of Dipel ES® > 0.58 liters (form)/ha. In the 72 h 
posttreatment sample, only the highest rate of Dipel ES® and thiodicarb 
caused mortality significantly different from the untreated control (F = 6.67; 
df = 6, 12; P = 0.0027) (Figure 1.1). Thiodicarb caused 46.5% mortality, 
which was significantly higher than mortality values for all rates of Dipel ES® 
except 4.67 liters (form)/ha.
Against field-collected tobacco budworm (1993-1994), mortality in the 
untreated plots averaged 9.3% for the 2 h posttreatment sample and 10.7%  
for the 72 h posttreatment sample. Only rates of Dipel ES® >  2.34 liters 
(form)/ha caused mortality which was significantly greater than that in the 
untreated-control at 2 h posttreatment (F = 11.7; df = 6, 18; P = 0.0001 )
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Figure 1.1. Corrected mortality ( ±  SE) of LSU-LAB tobacco budworm larvae 
exposed to plant terminals at 2 and 72 h posttreatment with Dipel ES® and 
thiodicarb. An indicates a significant difference from the untreated control 
at P = 0.025, Least Squares Means. For numerical data, see Appendix Table 
A .I.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
{Figure 1.2). Dipel ES® at 4.67 liters (form)/ha caused 43.4% mortality in the 
2 h posttreatment sample and was not significantly different from that of 
thiodicarb (52.6% mortality). At 72 h posttreatment, only Dipel ES® at 4.67 
liters (form)/ha (16.9%) and thiodicarb (21.3%) caused mortality of tobacco 
budworm larvae significantly different than that in the untreated control (F = 
3.85; df = 6, 18; P = 0.0120) (Figure 1.2). However, Dipel ES® at 2.34 
liters (form)/ha did not significantly increase mortality compared to that of 
Dipel ES® at 0.29 liters (form)/ha.
Plant terminal bioassays. Condor OF®. Mortality on the untreated 
terminals averaged 38.2% for the 2 h posttreatment sample and 34.0% for 
the 72 h posttreatment sample. Condor OF® at 1.17 liters (form)/ha caused 
mortality (67.3%) of LSU-LAB tobacco budworm that was significantly greater 
than that of the untreated control and comparable to that of thiodicarb (65%) 
when plots were sampled 2 h posttreatment (F = 3.12; df = 6, 18; P =  
0.0282) (Figure 1.3). Rates of Condor OF® >  1.17 liters (form)/ha and 
thiodicarb caused mortality levels significantly higher than that in the 
untreated control. However, Condor OF® at 0.29 liters (form)/ha caused 
36.2% mortality, which was not significantly different from that of Condor 
OF® at higher rates or thiodicarb. In the 72 h posttreatment sample, rates of 
Condor OF® >  0.58 liters (form)/ha and thiodicarb caused significantly greater 
mortality compared with that in the untreated control (F = 4.95; df = 6, 18; 
P = 0.0037) (Figure 1.3). All rates of Condor OF® >  0.58 liters (form)/ha
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Figure 1.2. Corrected mortality (±  SE) of field-collected tobacco budworm 
larvae (MRS93/FDY94) exposed to plant terminals at 2 and 72 h 
posttreatment with Dipel ES® and thiodicarb. An indicates a significant 
difference from the untreated control at P = 0.025, Least Squares Means. 
For numerical data, see Appendix Table A.2.
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Figure 1.3. Corrected mortality (±  SE) of LSU-LAB tobacco budworm larvae 
exposed to plant terminals at 2 and 72 h posttreatment with Condor OF® and 
thiodicarb. An indicates a significant difference from the untreated control 
at P = 0.025, Least Squares Means. For numerical data, see Appendix Table 
A.3.
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caused mortality levels that were not significantly different from that of 
thiodicarb at 72 h posttreatment.
Against field-collected tobacco budworm larvae, mortality ion the 
untreated terminals averaged 27.4% for the 2 h posttreatment sample and 
21.2% for the 72 h posttreatment sample. All rates of Condor OF® > 1 .1 7  
liters (form)/ha and thiodicarb caused mortality significantly greater than that 
in the untreated control in the 2 h posttreatment sample (F = 9.73; df = 6, 
18; P = 0.0001) (Figure 1.4). Condor OF® at 1.17 liters (form)/ha caused 
18.2% mortality and thiodicarb caused 55% mortality in the 2 h 
posttreatment sample. Only rates of Condor OF® >  2.34 liters (form)/ha 
caused mortality levels that were not significantly different from that of 
thiodicarb. At 72 h posttreatment, none of the treatments caused mortality 
significantly greater than the untreated control (F = 1.22; df = 6, 18; P = 
0.3417) (Figure 1.4). However, 4.78 cm rainfall on 20 August probably 
influenced the results of the 72 h bioassay.
Persistence of Dipel ES®. Mortality on the untreated terminals averaged 
63.6% for the 2 h posttreatment sample, 33.4% for the 24 h posttreatment 
sample and 33.5 % for the 48 h posttreatment sample. A significant 
insecticide treatment and time interval interaction (F = 5.39; df = 4, 24; P 
= 0.003) was observed (Figure 1.5). At 2 h posttreatment, both rates of 
Dipel ES® caused mortality that was significantly different from the untreated 
control. Dipel ES® at 1.17 liters (form)/ha caused 84.9% mortality of tobacco
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Figure 1.4. Corrected mortality (±  SE) of fieid-collected tobacco budworm 
larvae (FDY94) exposed to plant terminals at 2 and 72 h posttreatment with 
Condor OF® and thiodicarb. An '* '  indicates a significant difference from the 
untreated control at P = 0.025, Least Squares Means. For numerical data, 
see Appendix Table A.4.
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Figure 1.5, Corrected mortality (±  SE) of LSU-LAB tobacco budworm larvae 
exposed to plant terminals at 2, 24 and 48 h posttreatment with Dipel ES®, 
An indicates a significant difference from the untreated control within the 
specified time interval at P = 0,05, LSD, For numerical data, see Appendix 
Table A,5,
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budworm at 2 h posttreatment which was significantly greater than Dipel ES® 
at 0.29 liters (form)/ha (37,2% mortality). At 24 h posttreatment, Dipel ES® 
at 1.17 liters (form)/ha caused 33.9% mortality and was significantly different 
from the untreated control while Dipel ES® at 0.29 liters (form)/ha (10.8%) 
was not. There were no significant differences among treatments at 48 h 
posttreatment.
Field efficacy tests with Dipel ES® and Condor OF®. The results of the 
Dipel ES® field efficacy tests in 1992 are similar to that of the plant terminal 
bioassays (Table 1.1). In Test 1, none of the treatments significantly reduced 
the number of damaged squares below that observed in the untreated control 
(F = 2.43; df = 6, 24; P >  0.05). Dipel ES® at 4.67 liters (form)/ha was the 
only treatment to reduce numbers of squares infested with larvae below that 
found in the untreated plots (F = 4.02; df = 6, 24; P = 0.0063). In Test 2, 
Dipel ES® at 1.17 and 4.67 liters (form)/ha and thiodicarb significantly reduced 
damaged squares below that observed in the untreated plots (F = 2.72; df = 
6, 18; P = 0.0461). Only Dipel ES® at 4.67 liters (form)/ha and thiodicarb 
significantly reduced numbers of squares infested with larvae below that in 
the untreated plots (F = 3.35; df = 6, 18; P = 0.0214). In Test 3, Dipel 
ES® at 0.58 and 4.67 liters (form)/ha significantly reduced damaged squares 
compared to the untreated plots (F = 3.22; df = 6 ,18; P = 0.0249). There 
were no significant differences in squares infested with larvae for this test (F 
= 1.24; df = 6, 18; P >  0.05). Across tests, all treatments except Dipel
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Table 1.1. Evaluation of Dipel ES® at selected rates in field studies against
tobacco budworm at the Macon Ridge branch of the Northeast Research
Station, 1992.
% Damaaed souares
Treatment
Rate/ha 
liters (form) Test 1 Test 2 Test 3 Mean
Dipel ES® 0.29 3.3 a 9.1 ab 6.6 a 6.1 ab
Dipel ES® 0.58 2.6 a 7.9 ab 5.1 b 5.0 be
Dipel ES® 1.17 2.5 a 7.4 b 6.3 ab 5.2 be
Dipel ES® 2.34 2.3 a 8.1 ab 6.1 ab 5.3 be
Dipel ES® 4.67 1.8 a 6.6 b 4.0 b 4.0 e
Thiodicarb 1.17 2.4 a 5.9 b 5.6 ab 4.5 be
Untreated 3.8 a 11.3 a 7.9 a 
% Souares infested with
7.3 a 
larvae
Dipel ES® 0.29 1.5 b 2.1 a 1.4 a 1.7 a
Dipel ES® 0.58 0.9 ab 1.8 ac 0.8 a 1.1 ab
Dipel ES® 1.17 1.1 ab 1.3 ab 1.1 a 1.2 ab
Dipel ES® 2.34 0.7 ac 1.5 ab 1.1 a 1.1 ab
Dipel ES® 4.67 0.2 c 0.8 be 1.0 a 0.6 b
Thiodicarb 1.17 1.0 ab 0.5 b 0.4 a 0.7 b
Untreated 1.1 ab 1.6 a 1.0 a 1.2 a
Means for each variable within a column followed by the same letter are not 
significantly different, (P = 0.05, Least Squares Means).
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ES® at 0.29 liters (form)/ha significantly reduced damaged squares below that 
observed in the untreated plots and the highest rate of Dipel ES® was the only 
treatment with significantly fewer damaged squares compared to the lowest 
rate (F = 3.88; df = 6, 70; P = 0.0021). Furthermore, all treatments 
provided control that was not significantly different from that of thiodicarb. 
Only Dipel ES® at 4.67 liters (form)/ha and thiodicarb significantly reduced 
numbers of squares infested with larvae below that observed in the untreated 
plots for the mean across tests (F = 3.88; df = 6, 70; P = 0.0021).
In Test 1 of the Condor OF® study, rates > 1 . 1 7  liters (form)/ha and 
thiodicarb significantly reduced damaged squares below that observed in the 
untreated plots (F = 4.29; df = 6, 12; P = 0.0154) (Table 1.2). There were 
no significant differences among treatments in numbers of squares infested 
with larvae (F = 1.79; df = 6, 12; P >  0.05).
In Test 2, none of the insecticide treatments significantly reduced 
damaged squares (F = 1.09; df = 6, 18; P > 0.05) or in numbers of squares 
infested with larvae (F = 0.76; df = 6, 18; P >  0.05) below that observed 
in the untreated plots (Table 1.2). There were also no significant differences 
across tests in reducing damaged squares (F = 1.38; df = 6, 35; P >  0.05) 
or squares infested with larvae (F = 0.95; df = 6, 35; P >  0.05).
Laboratory bioassay of selected B. thuringiensis insecticides. Mortality 
on the untreated terminals averaged 19.5% for the 2 h posttreatment sample 
and 0% for the 72 h posttreatment sample. All B. thuringiensis treatments
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Table 1.2. Evaluation of Condor OF® at selected rates in field studies against
tobacco budworm at the Macon Ridge branch of the Northeast Research
Station, 1992-1993.
Treatment
Rate/ha 
liters (form)
% Damaaed souares
Test 1 Test 2 Mean
Condor OF® 0.29 11.0 ab 16.0 a 13.9 a
Condor OF® 0.58 14.7 a 17.0 a 16.0 a
Condor OF® 1.17 7.0 b 19.0 a 13.9 a
Condor OF® 2.34 8.7 b 12.6 a 10.9 a
Condor OF® 4.67 8.0 b 21.0 a 15.4 a
Thiodicarb 1.17 9.0 b 13.0 a 11.3 a
Untreated 15.0 a 24.0 a 20.1 a
% Souares infested with larvae
Condor OF® 0.29 2.7 a 3.6 a 3.1 a
Condor OF® 0.58 2.0 a 4.0 a 3.1 a
Condor OF® 1.17 4.7 a 5.0 a 4.9 a
Condor OF® 2.34 0.7 a 3.0 a 2.0 a
Condor OF® 4.67 0.7 a 4.6 a 2.9 a
Thiodicarb 1.17 4.0 a 4.0 a 4.0 a
Untreated 1.3 a 7.0 a 4.6 a
Means for each variable within a column followed by the same letter are not 
significantly different, {P = 0.025, Least Squares Means).
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caused significantly greater mortality than that observed in the untreated 
control at 2 h posttreatment (F = 7.13; df = 9,36; P = 0.0001) (Table 1.3). 
Thiodicarb caused significantly greater mortality of larvae than all B. 
thuringiensis treatments except Condor OF® at 1.17 liters (form)/ha at 2 h 
posttreatment. At 72 h posttreatment, only Dipel ES-NT® at 2.34 liters 
(form)/ha. Raptor® at 2.34 liters (form)/ha. Javelin WG® at 0.45 kg (form)/ha 
and thiodicarb caused mortality that was significantly greater than that found 
in the untreated control (F = 3.13; df = 9,36; P = 0.0070). Dipel ES-NT® 
at 2.34 liters (form)/ha. Raptor® at 2.34 liters (form)/ha and Javelin WG® at 
0.45 kg (form)/ha also caused mortality that was not significantly different 
than that of thiodicarb at 72 h posttreatment.
Field efficacies of selected B. thuringiensis compounds. In 1992, all 
treatments significantly reduced the number of damaged squares below that 
observed in the untreated plots (F = 2.62; df = 8, 16; P = 0.0048) (Table 
1.4). All B. thuringiensis treatments provided control comparable to that of 
thiodicarb with the exception of Biocot® and Delta Bt®. No significant 
differences were observed among treatments for squares infested with larvae 
(F = 1.26; df = 8, 16; P >  0.10). All treatments except Delta Bt® reduced 
feeding significantly below that observed in the untreated check (F = 2.03; 
df = 8, 16; P = 0.10).
In 1993, there were no treatments that significantly reduced bollworm 
and tobacco budworm damaged squares compared to that in the untreated
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Table 1.3. Mortality ( ±  SE) of STV-LAB tobacco budworm larvae exposed to 
plant terminals at 2 and 72 h posttreatment with selected B. thuringiensis 
insecticides at the Macon Ridge branch of the Northeast Research Station, 
1994.
Rate/ha % Mortality ±  SE
Treatment’ liters (form) 2 h posttreatment 72 h posttreatment
Condor OF® 1.17 63.1 ±  5.5 ab 6.4 ±  4.4 c
Design 50WP® 0.452 42.8 ±  10.9 be 14.6 ±  8.0 be
Dipel ES-NT® 1.17 25.9 ±  9.5 c 15.4 ±  10.7 be
Dipel ES-NT® 2.34 45.5 ±  5.7 be 33.2 ± 1 2 .6 ab
Javelin WG® 0.452 47.4 ±  9.8 be 27.6 ±  5.9 abc
MVP® 1.17 31.2 ±  12.2 c 11.5 ±  5.1 be
Raptor® 1.17 32.5 ± 1 1 . 7 c 16.9 ±  8.8 bed
Raptor® 2.34 38.6 ±  10.8 c 25.8 ±  7.0 abc
Thiodicarb 1.17 86.4 ±  6.9 a 47.1 ±  8.7 a
LSD 23.67 22.54
Means within a column followed by a common letter are not significantly 
different, (P >  0.05, LSD).
’ Mortality within each treatment was corrected for that observed on 
untreated terminals (not shown) using Abbott's formula (1925).
 ^Rates given in kg (form)/ha.
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Table 1.4. Evaluation of selected B. thuringiensis compounds for tobacco
budworm control at the Macon Ridge branch of the Northeast Research
Station, 1992-1993.
1992
Treatment
Rate/ha 
liters (form)
%Damaged
squares %Feeding’
%lnfested
squares^
Biocot® 1.17 28.2 b 40.4 be 10.2 a
Condor OF® 1.17 25.4 be 42.3 be 8.2 a
Delta Bt® 0.58 27.6 b 43.1 ab 11.0 a
Dipel ES® 1.17 25.2 be 39.9 be 8.8 a
Design 50WP® 1.12® 23.4 be 42.2 be 9.0 a
Javelin WG® 0.56® 24.2 be 42.5 be 9.2 a
Vault WP® 0.56® 24.6 be 37.4 be 9.2 a
Thiodicarb 1.17 20.8 c 36.6 c 7.6 a
Untreated ---- 36.2 a 49.0 a 11.8 a
LSD 3.33 1.58 NS
1993
Biocot® 4.67 8.3 be 17.6 cd 2.7 a
Condor OF® 2.34 11.3 ab 21.6 b 4.3 a
Delta Bt® 1.17 6.7 c 19.0 bed 1.7 a
Dipel ES® 2.34 6.7 c 16.4 d 2.0 a
Design 50WP® 2.24® 5.3 c 16.0 d 1.3 a
Javelin WG® 1.12® 7.3 c 21.0 be 1.7 a
MVP® 4.67 13.0 a 25.7 a 2.7 a
SAN 420i 0.56® 12.7 a 22.4 ab 3.0 a
Vault WP® 2.24® 11.0 ab 21.7 b 2.3 a
Thiodicarb 1.75 6.7 c 15.7 d 0.7 a
Untreated 8.7 be 22.0 ab 2.7 a
LSD 3.5 3.7 NS
Means followed by a common letter are not significantly different, (P = 0.10; 
LSD).
’ Injury was characterized by recording the total number of squares that have 
been fed on without penetrating the square and those that were penetrated. 
 ^Squares infested with larvae.
 ^Rates given in kg (form)/ha.
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plots (F = 3.41; df = 10, 20; P = 0.0091) (Table 1.4). However, Blocot®, 
Design 50WP®, Dipel ES® and thiodicarb significantly reduced feeding injury 
compared to that in the untreated plots (F = 4.46; df = 10, 20; P = 
0.0022). Insecticide treatment did not have a significant effect on numbers 
of squares infested with larvae (F = 0.757; df = 10, 20; P >  0.10).
Discussion
The data for rate evaluations of Dipel ES® and Condor OF® support 
results obtained by Ali and Young (1993a) in their determination of dose 
response values for another commercial B. thuringiensis formulation. Javelin 
WG®. Their data showed increased rates of Javelin WG® did not improve 
persistence, rather mortality of tobacco budworm larvae was dependent on 
the initial use rate of Javelin WG®. In the laboratory studies presented herein, 
initial and residual mortality of tobacco budworm, regardless of tobacco 
budworm strain, was dependent on the initial rate. Also, in the plant terminal 
bioassays with Dipel ES® and Condor OF®, the higher rates of these products 
seldom produced mortality significantly greater than the lower rates indicating 
rather flat dosage response curves. In the persistence study, the insecticide 
treatment and time interval interaction demonstrated that differences in 
mortality were not as great at 24 and 48 h posttreatment as compared to 2 
h posttreatment. Residual toxicity with the low rate (0.29 liters [form]/ha) 
was not significantly different from the control at 24 h posttreatment, while 
the higher rate (1.17 liters [formj/ha) still caused significant mortality at 24
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h posttreatment. In the laboratory screening study of commercial B. 
thuringiensis insecticides, significant residual toxicity generally corresponded 
with rates of 2.34 liters (form)/ha at 72 h posttreatment. Results of the 
laboratory experiments justify the use of rates > 1 . 1 7  liters (form)/ha of 8. 
thuringiensis if significant residual activity is to be obtained.
Green and Hutchins (1993) suggest the use of low rates of 8. 
thuringiensis (0.15-0.58 liters [form]/ha) to manage tobacco budworm 
resistant to pyrethroid insecticides. Plapp (1993) and Karunaratne and Plapp 
(1993) suggest that these low rates are not recommended to produce 
mortality, but rather to slow development of tobacco budworm and expose 
them to natural mortality factors. The data from the field trials indicated that 
rates < 1 .1 7  liters (form)/ha generally did not provide significant control under 
the high infestation densities (25-30% tobacco budworm infested plant 
terminals) encountered in the trials reported herein. Because 8. thuringiensis 
insecticides have flat dosage response curves, a crop consultant may 
recommend additional chemical insecticide applications due to the presence 
of live larvae in the field. Furthermore, in Louisiana cotton production 
systems, natural mortality factors such as parasitoids and predators are likely 
to be destroyed by applications of chemical insecticides to control boll weevil, 
Anthonomus grandis grandis Boheman (Smith 1989, 1994; Gaylor and 
Graham 1991).
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Heliothine control with B. thuringiensis insecticides is highly dependent 
on population density, larval life stage, species composition, availability of 
natural enemies and conventional insecticide resistance levels in this pest. 
When moderate to high infestations of tobacco budworm occur, B. 
thuringiensis insecticides are generally not recommended. According to 
Johnson et al. (1993), B. thuringiensis may not provide satisfactory control 
under these conditions. This conclusion is also supported by the results of the 
field trials. Under heavy population densities of bollworm and tobacco 
budworm, damage was reduced below that of untreated plots with B. 
thuringiensis rates > 1 . 1 7  liters (form)/ha. In most of the field trials reported 
herein, less than 40% control was obtained with all rates. This level of 
control would not be sufficient for producing commercially acceptable yields. 
When mixed populations of bollworm;tobacco budworm occur, B. 
thuringiensis insecticides are less likely to provide satisfactory control. B. 
thuringiensis insecticides are not as efficacious against bollworm as compared 
to tobacco budworm (Ali and Young 1993b).
Furthermore, tobacco budworm has developed resistance to carbamate 
insecticides (Martin et al. 1992, Elzen et al. 1993, Graves et al. 1993). 
Results of laboratory studies reported herein indicate that mortality levels with 
thiodicarb decrease by an average of 12% at 2 h posttreatment and 25% at 
72 h posttreatment for field-collected tobacco budworm compared to LSU- 
LAB tobacco budworm. Generally, B. thuringiensis insecticides are not
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providing any more control of tobacco budworm than they have in the past. 
However, when comparisons of 8. thuringiensis insecticides are made to 
standards to which tobacco budworm has developed resistance, B. 
thuringiensis insecticides may now seem to provide adequate control, thus 
leading to false conclusions about their efficacy.
The use of B. thuringiensis insecticides for management of tobacco 
budworm is being expanded due to the development of resistance in tobacco 
budworm. To reduce selection pressure on other classes of insecticides, B. 
thuringiensis insecticides are recommended to control low to moderate 
infestations of tobacco budworm early in the cotton growing season, primarily 
in June (Leonard et al. 1993, 1994). Results reported herein support those 
current recommendations limiting B. thuringiensis use to early season at rates 
of 1.17-2.34 liters (form)/ha to manage low to moderate infestations of 
tobacco budworm. Thus exposure of tobacco budworm to organophosphate 
and pyrethroid insecticides will be reduced and the potential for successful 
control of later generations of tobacco budworm increased. Residual control 
(after 2 days) with B. thuringiensis insecticides is negligible. Thus, the 
common practice of adding ovicides to extend the persistence of these 
treatments is probably justified.
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CHAPTER 2
SUBLETHAL EFFECTS ASSOCIATED WITH Bacillus thuringiensis Berliner 
var. kurstaki ON GROWTH AND SURVIVAL OF TOBACCO BUDWORM, 
Heliothis virescens (F.), {LEPIDOPTERA: NOCTUIDAE)
Introduction
Bacteria are the most widely used microbial pesticides and have been 
shown to be relatively nontoxic to nontarget animals (Ignoffo et al. 1974, 
Flexner et al. 1986). Bacillus thuringiensis Berliner, an aerobic, gram-positive, 
spore-forming bacterium found in the environment, is a common example of 
this type of insecticide (McGaughey and Whalon 1992). Commercial 
production of B. thuringiensis insecticides began after World War II in the 
United States and they have been used to control over 40 species of 
Lepidoptera and Diptera (Flexner et al. 1986).
In several states, B. thuringiensis insecticides are recommended to 
control tobacco budworm (Ali and Young 1993, Leonard et al. 1994, Plapp 
1993). In Texas, B. thuringiensis insecticides are used at rates of 0.15-0.58 
liters (form)/hato manage tobacco budworm (Green and Hutchins 1993, Plapp 
1993). In Louisiana, Mississippi and Arkansas, entomologists recommend the 
use of mid to high rates (1.17-2.34 liters [form]/ha) of B. thuringiensis to 
control low to moderate infestations of tobacco budworm during the cotton 
growing season, primarily in June (Leonard et al. 1994).
In the field, the crystal protein of B. thuringiensis undergoes rapid 
degradation when exposed to ultraviolet light and some larvae are not exposed
44
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to lethal doses (Ignoffo et al. 1974, 1977; Krieg 1975). All and Young 
(1993) suggest that treatment intervals of 4  d or less are required to obtain 
adequate control of tobacco budvworm. Larval mortality in the first 24-48 h 
is limited by the relatively short half-life of B. thuringiensis.
Several studies evaluating sublethal effects of natural and synthetic 
insecticides on tobacco budworm larvae have been conducted. Most of these 
studies demonstrate reduced growth and survival associated with tobacco 
budworm (larva and adult) exposed to B. thuringiensis (Dulmage and Martinez 
1973; Dulmage et al. 1978; Ali and Watson 1982a, 1982b; Gould et al. 
1991; Karunaratne and Plapp 1993; Yoshida and Toscano 1994). 
Karunaratne and Plapp (1993) demonstrated lower growth index values for 
tobacco budworm exposed to artificial diet containing B. thuringiensis. Plapp 
(1993) suggested the use of low rates of B. thuringiensis to slow 
development of tobacco budworm and to allow natural mortality factors to aid 
in their control. However, limited information is available concerning the 
sublethal effects of these low rates on tobacco budworm development. The 
primary objective of this study was to evaluate the effects of selected rates 
of B. thuringiensis (Dipel ES® at 0.29 and 1.17 liters (form)/ha) on tobacco 
budworm growth and survival after short-term exposure to treated cotton 
foliage.
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Materials and Methods
Insects. Tobacco budworm larvae were obtained from the Louisiana 
State University Department of Entomology (LSU-LAB). All tobacco budworm 
larvae were reared on a pinto bean and wheat germ diet (Leonard et al. 1988) 
at ambient conditions in an open air insectary prior to each laboratory test.
Application of insecticides. In 1993, treatments were applied on 25, 
26 (2 replicates), 28, 31 May and 2 (2 replicates), 7 (2 replicates), 8 June to 
replicates one through ten, respectively. In 1994, treatments were applied on 
8 (2 replicates), 18 April (2 replicates) and 6 May (2 replicates) to replicates 
one through six, respectively. Insecticides were applied with a tractor 
mounted spray boom and a compressed air delivery system calibrated to 
deliver 93.5 liters/ha at 1.96-3.79 kg/cm^ through two 850015VS or 8001 
flat fan nozzles equally spaced per row.
B. thuringiensisBx^iosuxe. Dipel ES® (Bacillus thuringiensis^exWnexver. 
kurstaki strain HD-1, 242.2 billion lU/liter, Abbott Laboratories, North 
Chicago, IL) was evaluated at the Northeast Research Station near St. Joseph, 
LA in 1993 and the Macon Ridge Research Station near Winnsboro, LA in 
1994.
In 1993, Dipel ES® at 0.29 liters (form)/ha was compared to an 
untreated control in a randomized block design with ten replications. All 
replicates of this test were done using LA 887 cotton planted 23 April in plots 
of 4  rows (1.02 m centers) by 19.8 m. An in-furrow application of aldicarb
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at 0.56 kg ai/ha {Temik 15G®, Rhone-Poulenc Ag. Co., Research Triangle 
Park, NO) and terraclor at 0.14 kg ai/ha + terrazole at 0.035 kg ai/ha 
(Terraclor Super X®, Uniroyal Chemical Co., Inc., Middlebury, CT) was applied 
at planting to all plots for early season insect and fungus control. Within two 
h of Dipel ES® application, 100 cotton plant terminals (apical portion of the 
main stem containing 1 fully expanded leaf and all unexpanded leaves) were 
randomly collected from the center rows within each plot and placed in 12 ml 
florist water pics (Aqua Pic®; Dakota Plastics, Watertown, SD) held in wooden 
trays. One tobacco budworm larva (3-4 d old, ca. 3.3-7.7 mg) was placed on 
each plant terminal. The entire terminal was covered with a 473.2 ml plastic 
Dixie® (James River Corp., Norwalk, CT) or Solo® (Solo Cup Co., Urbana, IL) 
cup for 72 h. Mortality in the untreated plots averaged 36.3% at 72 h 
posttreatment.
In 1994, Dipel ES® at 1.17 liters (form)/ha was compared to an 
untreated control in a randomized block design with six replications. All 
replicates of this test were done using cotton plants grown in a greenhouse. 
All cotton was planted in rectangular boxes (3.05 m x 1.22 m x 0.15 m) filled 
with ca. 2/3 Jiffy Mix® (Jiffy Products of America, Inc., Batavia, III 60510) 
and ca. 1/3 sand. No insecticides were applied to this cotton prior to Dipel 
ES® treatment. The first two replicates consisted of Deltapine 51 cotton 
planted 24 February and the remaining replicates consisted of Deltapine 51 
cotton planted 8 March. Before application of Dipel ES®, wooden trays
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containing water pics were covered with unprinted newspaper to minimize 
contamination of the wooden surface. Cotton plant terminals were placed in 
water pics and then exposed to the Dipel ES® treatment. Treatments were 
allowed to dry for ca. 1 h and infested with tobacco budworm as in 1993. 
Mortality in the untreated plots averaged 29.2% at 72 h posttreatment.
In 1993 and 1994, a larva was considered dead after the 72 h feeding 
period if it was unable right itself within 15 s. Survivors were transferred 
individually to 29.6 ml diet cups containing a pinto bean and wheat germ diet 
(Leonard et al. 1988) and reared to adult eclosion at ambient conditions in an 
open air insectary. The following data were collected each year: larval 
weights at 6 and 10 d after treatment (DAT), pupal weights (1 d after 
pupation), d to complete larval stadia, percent pupation, sex of pupae, d to 
complete the pupal stage, percent adult eclosion and total developmental 
period (larva to adult). All variables were compared between treatments using 
paired t-tests (SAS 1989).
Results
In 1993, Dipel ES® at 0.29 liters (form)/ha caused significantly higher 
mortality of tobacco budworm larvae (63%) compared to the untreated 
control (Table 2.1). Larvae exposed to a single application of Dipel ES® (0.29 
liters (form)/ha) required significantly longer to complete larval stadia (1.7 d) 
than unexposed larvae. Significantly fewer (19.6%) larvae pupated when 
exposed to Dipel ES® at 0.29 liters (form)/ha than unexposed larvae. There
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Table 2.1. Effects of Dipel ES® {B. 
tobacco budworm, 1993.
thuringiensis) at 0.29 liters (form)/ha on development and survival of LSU-LAB
Variable Sex Untreated Dipel ES® Test statistics
Mortality of
larvae (3 DAT)'"^ Pooled 0.0 ± 0.0 63.0 ± 4.1 F 237.30; df = 9; P = 0.0001
Complete larval
stadia (d) Pooled 22.5 ± 1.0 24.2 ± 0.9 F 11.31; df 9; P 0.0084
Pupation (%) Pooled 86.1 ± 3.2 66.5 ± 3.6 F = 29.32; df = 9; p 0.0004
Weight of
pupae (mg) Pooled 271.2 ± 5.0 273.2 ± 4.0 F 0.14; df 9; P > 0.05
S 268.9 ± 9.0 273.9 ± 7.0 F 0.27; df = 9; p > 0.05
9 270.8 ± 5.0 276.2 ± 31.0 F = 0.05; df 9; P > 0.05
Sex of pupae 1%) a 49.3 ± 2.5 44.3 ± 3.2 F 1.46; df 9; P > 0.05
Complete adult
9 50.7 ± 2.5 55.7 ± 3.2 F 1.46; df 9; P > 0.05
eclosion (d) Pooled 13.0 ± 0.3 13.1 ± 0.2 F = 0.05; df 9; P > 0.05
Adult eclosion (%) Pooled 75.7 ± 4.6 85.7 ± 3.9 F — 3.22; df 9; P > 0.05
6 85.8 ± 3.1 95.5 ± 2.1 F — 7.27; df = 9; P = 0.0245
9 89.9 ± 2.2 90.2 ± 3.2 F = 0.01; df = 9; P > 0.05
Total development period
(larvae to adult) (d) Pooled 35.0 ± 0.7 37.3 ± 0.8 F = 12.69; df 9; P = 0.0061
’ Mortality corrected for that in the untreated control using Abbott's formula (1925). 
 ^ Days after treatment.
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were no significant effects of treatment on weights of male or female pupae 
or when these data were pooled. There were no significant effects of 
treatment on percent males or females pupating or d to adult eclosion. There 
was a significant treatment effect on percent eclosion of males, but no 
significant effect on females or when data were pooled. Dipel ES® at 0.29  
liters {form)/ha significantly increased the total development period (larvae to 
adult) by 2.3 d compared to that for untreated larvae.
In 1994, Dipel ES® at 1.17 liters (form)/ha produced significantly higher 
mortality of larvae (57.3%) compared to the untreated control (Table 2.2). 
Weights of larvae were 2.5x lower at 6 DAT and 2.3x lower at 10 DAT 
compared to unexposed larvae. Larvae exposed to Dipel ES® required 
significantly longer to complete larval stadia (4.5 d) than unexposed larvae. 
Significantly fewer larvae pupated (36.1 %) when exposed to Dipel ES® than 
unexposed larvae. There was no treatment effect on weights of male or 
female pupae or when these data were pooled. There was no significant 
treatment effect on percent males or females pupating and on d to adult 
eclosion. However, there was a significant treatment effect on percent 
eclosion when data were pooled. Significantly fewer (19.7%) adults 
successfully eclosed that were exposed to Dipel ES® at 1.17 liters (form)/ha 
than those that were not exposed. There were no significant differences by 
sex on percent eclosion. There was a significant treatment effect on the total
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Table 2.2. Effects of Dipel ES® {B. 
tobacco budworm, 1994.
thuringiensis) at 1.17 liters (form)/ha on development and survival of LSU-LAB
Variable Sex Untreated Dipel ES® Test statistics
Mortality of
larvae (3 DAT)’'^ Pooled 0.0 ± 0.0 57.3 ± 1.8 F = 1039.9; df = 4; P = 0.0001
Weight of larvae
(6 DAT) (mg) Pooled 15.5 ± 3.0 6.2 ± 1.2 12.50; df = 4; P = 0.0242
(10 DAT) (mg) Pooled 83.3 ± 7.0 36.1 ± 7.1 19.50; df = 4; P = 0.0115
Complete larval
stadia (d) Pooled 25.7 ± 1.0 30.2 ± 1.6 12.38; df 4; P = 0.0245
Pupation (%) Pooled 66.2 ± 4.3 30.1 ± 5.3 66.40; df = 5; P = 0.0005
Weight of
pupae (mg) Pooled 220.4 ± 10.0 222.4 ± 12.5 0.03; df = 4; P > 0.05
(f 214.6 ± 15.0 218.6 ± 13.7 0.04; df 4; P > 0.05
? 224.3 ± 13.0 227.3 ± 29.0 0.01; df = 3; P > 0.05
Sex of Pupae (%) 50.2 ± 8.7 64.8 ± 12.7 0.75; df 4; P > 0.05
Complete adult
9 49.8 ± 8.7 35.2 ± 12.7 0.75; df = 4; P > 0.05
eclosion (d) Pooled 11.1 ± 0.6 11.1 ± 0.7 0.00; df = 3; P > 0.05
Adult eclosion (%) Pooled 59.7 ± 10.4 40.0 ± 14.6 8.78; df 5; P 0.0314
d 80.7 ± 7.7 56.3 ± 14.6 4.88; df = 5; P > 0.05
Total development period
9 79.1 ± 7.5 81.1 ± 6.1 0.15; df 4; P > 0.05
(larvae to adult) (d) Pooled 36.8 ± 1.4 41.8 ± 2.2 F = 12.76; df = 3; P = 0.0465
 ^ Mortality corrected for that In the untreated control using Abbott's formula (1925). 
 ^ Days after treatment. oi
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development period (larvae to adult) In which larvae exposed to Dipel ES® at 
1.17 liters (form)/ha required 5 d longer than that for unexposed larvae.
Discussion
Dipel ES® at 0.29 and 1.17 liters (form)/ha had pronounced effects on 
tobacco budworm development and survival. These results corroborate the 
observations of Dulmage and Martinez (1973) and Dulmage et al. (1978). 
Dulmage and Martinez (1973) reported that tobacco budworm larvae 
continuously exposed to sublethal levels of the tf-endotoxin of &  thuringiensis 
on artificial diet had slower growth and higher mortality in all phases of 
development. Dulmage et al. (1978) reported that tobacco budworm larvae 
fed the 6-endotoxin produced by the HD-1 isolate of B. thuringiensis and later 
transferred to untreated diet had the capacity to recover, although as length 
of exposure increased, recovery decreased. The results of these studies also 
agree with the studies of Karunaratne and Plapp (1993). Their data showed 
lower growth index values (number of larvae that survived exposure multiplied 
by the instar stage they are in divided by the total number of larvae) for 
tobacco budworm larvae fed a single dose of B. thuringiensis. Tobacco 
budworm has the ability to recover, but significant negative effects on 
development and survival occur after feeding on B. thuringiensis treated 
cotton foliage.
Direct comparisons between rates of Dipel ES® were not made in these 
studies, but there appeared to be a trend for more pronounced effects on
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tobacco budworm development and survival associated with the higher rate. 
Ali and Watson (1982b) found that rate and length of exposure of tobacco 
budworm larvae to B. thuringiensis significantly reduced larval growth and 
development but these effects were not found in the subsequent generation. 
Also, in another study, Ali and Watson (1982a) found that adults which were 
fed a B. thuringiensis solution had significantly lower fecundity and reduced 
longevity compared to unexposed adults.
These data support the suggestions of Green and Hutchins (1993) and 
Plapp (1993) that low rates of B. thuringiensis can be used to manage 
tobacco budworm. However, because tobacco budworm can recover from 
short-term exposure, larvae are capable of moving to untreated portions of the 
plant where they continue to feed. A crop consultant or cotton producer may 
be less inclined to believe adequate control was obtained and recommend 
additional chemical control. But, even though the dose may not produce high 
mortality initially, development of tobacco budworm will be slowed, and they 
may be exposed to mortality factors such as predators and parasitoids. A 
limiting factor in some areas is the application of chemical insecticides to 
control boll weevil, Anthonomus grandis grandis Boheman, and tarnished plant 
bug, Lyguslineolaris (Palisot de Beauvois), at the same time tobacco budworm 
is a pest. Predator and parasitoid populations are reduced to negligible levels 
by treatments for boll weevil (Smith 1989, 1994; Gaylor and Graham 1991).
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In the experiments reported herein, Dipel ES® was applied only once to
produce these effects. In Louisiana, multiple applications of higher rates of
B. thuringiensis than those tested are common and could enhance the effects
observed in these studies. If B. thuringiensis is targeted against low to
moderate infestations of tobacco budworm as suggested by the insecticide
resistance management (IRM) plan (Leonard et al. 1994), then initial mortality
may be adequate to reduce infestations below economically damaging levels.
Furthermore, those that survive may experience prolonged growth and
development which could further delay the occurrence of the second
generation of tobacco budworm, thereby reducing exposure to other classes
of insecticides, a primary goal of tobacco budworm IRM.
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CHAPTER 3
INFLUENCE OF APPLICATION VOLUME, Bacillus 
thuringiensis Berliner var. kurstaki TREATMENTS AND 
SELECTED COTTON GENOTYPES ON HELIOTHINE CONTROL
Introduction
The cotton bollworm, Helicoverpa zea (Boddie), has been recognized as 
a pest of cotton since 1820 (Brazzel et al. 1953). The tobacco budworm, 
Heliothis virescens (F.), was first reported on cotton in Tallulah, Louisiana in 
1934 (Brazzel et al. 1953). Presently, the bollworm and tobacco budworm 
are distributed throughout Louisiana cotton production regions. The tobacco 
budworm has developed resistance to all recommended classes of insecticides 
used on cotton (Sparks 1981; Leonard et al. 1988; Campanhola and Plapp 
1989; Elzen et ai. 1992, 1993; Martin et al. 1992). The bollworm has also 
developed resistance to all recommended classes of insecticides in Arkansas 
(Abd-Elghafar at al. 1993). Environmental protection, public demand and 
development of insecticide resistance in the tobacco budworm have increased 
the demand for safer insecticides and alternate strategies for insect pest 
control in cotton. One alternative to synthetic chemical control strategies is 
the use of microbial insecticides. Commercial insecticides containing Bacillus 
thuringiensis Berliner have demonstrated promise for use in cotton for 
bollworm and tobacco budworm control (Johnson and Studebaker 1992, 
Mann et ai. 1992, White et al. 1993).
57
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Another alternative to Insecticides for cotton insect pest management 
is the use of insect resistant cuitivars. Cotton cultivars, in which the 
morphology has been manipulated to produce plants with open canopies and 
exposed flower buds, have demonstrated promise in managing bollworm and 
tobacco budworm. Such leaf characteristics include glabrousness, nectariless, 
frego bract and open leaf shapes. Glabrousness has been shown to reduce 
oviposition by the tobacco budworm (Lukefhar et al. 1965), but this same 
trait may increase sensitivity to other pests (Schuster et al. 1976). 
Nectariless cotton lines may have a negative effect on beneficial insect 
populations by eliminating nectar sources, but the same trait may reduce 
attractiveness to bollworm and tobacco budworm adults (Thomson and Lee 
1980). Cottons with the frego bract trait have the flower bud exposed by 
flared and twisted bracts not covering the flower bud (Thomson and Lee 
1980). James and Jones (1985) demonstrated that frego bract intercepts 6.4  
times more insecticide on its flower buds than on flower buds enclosed in 
bracts. However, increased damage from tarnished plant bug, Lygus lineolaris 
(Palisot de Beauvois), and cotton fleahopper, Pseudatomoscelis seriatus 
(Reuter), may occur as a result of this trait (Jones 1972). Variations in leaf 
shape include okra leaf or supra okra leaf cotton lines with leaves that are 
deeply lobed or dissected parallel to the principal veins (Thomson and Lee 
1980). Okra leaf is a common mutant gene found in certain breeding lines 
and older cotton cultivars (James 1985). The okra leaf trait does not exhibit
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specific resistance to the Heliothine complex but allows for increased 
penetration of insecticides by opening the plant canopy compared to that of 
normal leaves (Jones 1972, James and Jones 1985, Maxwell 1977).
These experiments were conducted to determine the effects of 
application volume on the efficacy of Dipel ES® against Heliothine on three 
cotton genotypes exhibiting different morphological characteristics. The 
results of these studies may help to refine chemical control strategies 
recommended against the Heliothine complex in cotton.
Materials and Methods 
Experimental design and treatments. These studies were conducted at 
the Northeast Research Station and the Macon Ridge branch of the Northeast 
Research Station near St. Joseph and Winnsboro, Louisiana, respectively, 
during 1992-94. Treatments consisted of three cotton varieties and four 
insecticide treatments in a factorial arrangement within a randomized block 
design with 4 replications. The insecticide treatments included Dipel ES® 
(Bacillus thuringiensis Berliner var. kurstaki strain HD-1, 242.2 billion lU/liter, 
Abbott Laboratories, North Chicago, IL) at 1.75 liters (form)/ha in application 
volumes of 46.8-56.1 liters/ha, Dipel ES® at 1.75 liters (form)/ha in application 
volumes of 93.5-102.9 liters/ha, lamda-cyhalothrin (Karate IE®; Zeneca Inc. 
Ag. Products, Wilmington DE) at 0.031 kg ai/ha in application volumes of 
46.8-56.1 liters/ha and an untreated control. The cotton varieties used were 
Gumbo 500 (okra leaf - leaves that are deeply lobed or dissected parallel to
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the principal veins), LA 850082 (frego bract - flower bud exposed by flared 
and twisted bracts not covering the flower bud) and Deltapine 51 
(commercially recommended cultiver with normal leaves and flower buds). 
Plots consisted of four rows (1.02 m centers) by 15.2-19.8 m each year with 
the exception of plots at the Northeast Research Station in 1992, which 
consisted of eight rows (1.02 m centers) by 19.8 m.
At the Northeast Research Station, insecticides were applied with a 
high clearance sprayer equipped with a COg system which was calibrated to 
deliver 46.8-93.5 liters/ha at 2.0-5.4 kg/cm^ through two TX-6, TX-8, TX-12 
or TX-18 hollow cone nozzles equally spaced per row. Desired application 
volumes were obtained by varying pressure and nozzle size. At the Macon 
Ridge branch of the Northeast Research Station, treatments were applied with 
a high clearance sprayer equipped with a COg system which was calibrated 
to deliver 56.1-102.9 liters/ha at 2.3-3.0 kg/cm^ through two TX-8 hollow 
cone nozzles equally spaced per row at 5.31-9.98 km/h. Desired application 
volumes were obtained by varying the speed of the high clearance sprayer.
At the Northeast Research Station, insecticide treatments were applied 
on 15, 22, 29 July and 7 August, 1992 and evaluated 17, 22, 24 and 29 
July. In 1993, insecticide treatments were applied 23, 27, 31 July and 3 
August and were evaluated 27 and 30 July and 3 and 6 August. In 1994, 
insecticide treatments were applied 19, 22 and 27 July and evaluated 22, 26 
and 29 July and 3 August. At the Macon Ridge branch of the Northeast
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Research Station, insecticide treatments were applied on 13, 18, 21 and 25 
August and 2 September and evaluated 17, 21 and 28 August and 8 
September. In 1993, insecticide treatments were applied 23 and 30 August 
and evaluated 27 August and 2 September. In 1994, insecticide treatments 
were applied 1 2 ,1 6  and 27 August and evaluated 1 6 ,1 9  and 30 August.
Plot maintenance. At the Northeast Research Station, cotton varieties 
were planted 8 May, 18 May and 13 May for 1992, 1993 and 1994, 
respectively. At the Macon Ridge branch of the Northeast Research Station, 
varieties were planted 17 June, 8 June and 3 June for 1992, 1993 and 1994, 
respectively. An in-furrow application of aldicarb at 0.56 kg ai/ha (Temik 
15G®, Rhone-Poulenc Ag. Co., Research Triangle Park, NC) and terraclor at 
0.14 kg ai/ha -t- terrazole at 0.035 kg ai/ha (Terraclor Super X®, Uniroyal 
Chemical Co., Inc., Middlebury, CT) was applied at planting each year to all 
plots for early season insect and fungus control.
Cotton ^ ph\às. AphisgossypiiG\oyex, boll v^eewWs.Anthonomusgrandis 
grandis Boheman, and tarnished plant bugs, Lygus iineoiaris (Palisot de 
Beauvois), were controlled as needed with acephate at 0.37 kg ai/ha (Orthene 
90S®; Valent USA Corporation, Walnut Creek, CA), azinphosmethyl at 0.28 
kg ai/ha (Guthion 2L®; Miles Inc., Kansas City, MO), carbofuran at 0.56 kg 
ai/ha (Furadan 4F®; FMC Corporation, Philadelphia, PA), chlorpyrifos at 0.28- 
1.12 kg ai/ha (Lorsban 4E®; DowElanco, Indianapolis, IN) and methyl parathion
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at 0.37-0.56 kg ai/ha (Methyl Parathion 4EC®; Cheminova Agro A/S, Lemvig 
DK-7620, Denmark) at each location.
At the Northeast Research Station, cumulative rainfall for June, July, 
August, September and October of 1992 was 15.5, 7.9, 18.8, 10.4 and 9.6 
cm, respectively. For 1993, cumulative rainfall for June, July, August, 
September and October was 10.1, 7.5, 1.2, 6.1 and 9.5 cm, respectively. 
In 1994, cumulative rainfall was 2 .6 ,1 .8 ,1 .2 , 0.7 and 2.2 cm for June, July, 
August, September and October, respectively. At the Macon Ridge branch of 
the Northeast Research Station, cumulative rainfall for June, July, August, 
September and October of 1992 was 16.9, 2.2, 14.2, 4.6 and 6.5 cm, 
respectively. For 1993, cumulative rainfall for June, July, August and 
September and October was 19.2, 2.3, 9.0, 4.3 and 8.3 cm, respectively. 
In 1994, cumulative rainfall was 9.0, 12.0, 8.3, 5.6 and 21.2 cm for June, 
July, August, September and October, respectively.
Treatment evaluations. Each year, at both locations, treatments were 
evaluated by examining 50 randomly selected squares (flower buds) from the 
two center rows of each plot for Heliothine damaged squares, squares 
infested with Heliothine larvae and boll weevil damaged squares. A square 
was recorded as damaged by Heliothine larvae if feeding completely 
penetrated to the corolla or calyx of the square. Boll weevil damage was 
recorded for squares that exhibited oviposition or feeding punctures. 
Additionally, a 3 m section of cotton plant terminals (apical portion of the
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main stem containing one fully expanded leaf and all unexpanded leaves) 
within each plot was examined for Heliothine oviposition, live Heliothine larvae 
and damage at the Northeast Research Station. A terminal was recorded as 
damaged if holes from feeding and frass were present. Yields were 
determined at the Northeast Research Station by harvesting the 4 center rows 
of each plot with a mechanical harvester on 8 October 1992, the 2 center 
rows of each plot on 28 September 1993 and the 2 center rows of each plot 
on 5 October 1994. At the Macon Ridge branch of the Northeast Research 
Station, yields were determined by harvesting the 4  center rows of each plot 
with a mechanical harvester on 13 October 1992, the 2 center rows of each 
plot on 8 and 15 October 1993 and the 2 center rows of each plot on 25 
October 1994. All variables were subjected to analysis of variance (ANOVA) 
using the general linear models (SAS 1989). Means were compared using 
Least Squares Means.
Results
Northeast Research Station. There was not a significant year by variety 
by insecticide treatment interaction for Heliothine oviposition (F = 0.78; df 
=  12, 504; P >  0.05), terminals infested with Heliothine larvae (F = 1.24; 
df = 12, 504; P >  0.05), damaged terminals (F = 1.06; df = 12, 504; P >  
0.05), Heliothine damaged squares (F = 0.50; df =  12, 504; P >  0.05), 
Heliothine larvae infested squares (F = 1.5; df = 12, 504; P > 0.05), boll 
weevil damaged squares (F = 1.12; df = 12, 504; P >  0.05) or lint yields
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(F= 1.52; df =  12, 72; P > 0.05) {Table 3.1). Therefore, these data were 
analyzed and reported across years at this location.
There was not a significant variety by insecticide treatment interaction 
for Heliothine oviposition (F =  1.28; df = 6, 504; P >  0.05), plant terminals 
infested with Heliothine larvae (F = 0.75; df = 6, 504; P > 0.05) and 
Heliothine damaged terminals (F = 1.62; df = 6, 504; P > 0.05) (Table 3.1). 
There also were no significant variety by insecticide treatment interactions for 
Heliothine damaged squares (F = 1.39; df = 6, 504; P > 0.05), Heliothine 
larvae infested squares (F = 0.47; df =  6, 504; P >  0.05), boll weevil 
damaged squares (F = 1.41 ; df =  6, 504; P >  0.05) or lint yields (F = 2.53; 
df =  6, 71; P >  0.05).
There were no significant differences among varieties for Heliothine 
oviposition (F = 1.21; df = 2, 504; P >  0.05) (Table 3.1). However, among 
varieties, Deltapine 51 had significantly more Heliothine infested terminals 
than Gumbo 500 or LA 850082 (F = 11.02; df =  2, 504; P = 0.0007). 
Deltapine 51 had significantly more Heliothine damaged terminals than Gumbo 
500 or LA 850082 (F = 10.72; df = 2, 504; P = 0.0001). There was no 
significant effect of variety on Heliothine damaged squares (F = 0.9; df = 2, 
504; P >  0.05). LA 850082 had significantly fewer Heliothine larvae infested 
squares (F = 4.6; df =  2, 504; P = 0.0243) and boll weevil damaged 
squares than Deltapine 51 (F = 59.44; df = 2, 504; P =  0.0001). Gumbo 
500 also had significantly fewer boll weevil damaged squares than Deltapine
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Table 3.1. Effects of cotton varieties and insecticide combinations for Heliothine and boil weevil control at the 
Northeast Research Station, 1992-1994.
No. Heliothine oer 3 m olant terminals % Heliothine % Boll weevil Lint yield
Treatment eggs larvae damage damaged sq. Infested sq. damaged sq. (kg/ha)
Variety 
Gumbo 500 0.6 a 0.5  b 2.0 b 5.4 a 1,4 ab 8.4 b 873.4  c
LA 850082 0.5 a 0 .4  b 1.8 b 4.6 a 0.8 b 4.8 c 933.0 b
Deltapine 51 0.5 a 0.8 a 2.8 a 5.0 a 1.8 a 12.2 a 1009,2 a
P >  F (ANOVA) (0.3226) (0.0007) (0.0001) (0.4256) (0.0243) (0.0001) (0.0001)
Insectlclde/aoollcatlon volume 
Dipel ES® - 93.5 liters/ha’ 0 .4 a 0.5 b 2.1 b 5.0 b 1.4 a 9.4 a 912.7 b
Dipel ES® - 46.8 llters/ha’ 0.5 a 0.5 b 1.9 b 5.0 b 1.2 a 9.0 a 930.0 b
l-cyhalothrin - 46.8 llters/ha’ 0.5 a 0.5 b 2.0 b 3.6 c 1.0 a 6.0 b 1007.7 a
Untreated 0.7 a 0.9 a 2.7 a 6.6 a 1.8 a 9.4 a 901.3 b
P >  F (ANOVA) (0.1335) (0.0029) (0.0003) (0.0021) (0.2473) (0.0007) (0.0003)
Variety by insecticide 
P >  F (ANOVA) (0.3133) (0.6170) (0.1998) (0.2729) (0.8227) (0.2643) (0.0522)
Means within a column followed by a common letter are not significantly different, (P > 0.05, Least Squares Means). 
’ Dipel ES® rate was 1.75 liters (form)/ha at both application volumes and l-cyhalothrin rate was 0.03 kg ai/ha.
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51. There was a significant difference among varieties in lint yield (F = 
30.06; df =  2, 71; P = 0.0001) with Deltapine 51 producing significantly 
higher yields than Gumbo 500 and LA 850082. LA 850082 produced 
significantly more lint than Gumbo 500.
There were no significant differences among insecticide treatments on 
Heliothine oviposition (F = 2.12; df = 3, 504; P >  0.05) (Table 3.1). All 
insecticide treatments had significantly fewer Heliothine infested terminals 
than the untreated plots (F = 6.83; df = 3, 504; P = 0.0029), and there 
were no significant differences among insecticides. All insecticide treated 
plots had significantly fewer Heliothine damaged terminals than the untreated 
plots (F = 10.729; df = 3, 504; P = 0.0003) and there were no significant 
differences among insecticides. Plots treated with l-cyhalothrin had 
significantly fewer Heliothine damaged squares (F = 7.32; df = 3, 504; P =  
0.0021) and boll weevil damaged squares (F = 9.2; df = 3, 504; P =  
0.0007) than the plots treated with Dipel ES® and untreated plots. Dipel ES® 
treatments resulted in significantly fewer Heliothine damaged squares than the 
untreated control but did not have a significant effect on boll weevil damaged 
squares. There were no significant differences among insecticides on 
Heliothine larvae infested squares (F = 1.5; df = 3, 504; P > 0.05). Only 
plots treated with l-cyhalothrin produced lint yields that were significantly 
greater than the untreated plots (F = 10.83,; df = 3, 71; P = 0.0003).
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Macon Ridge branch of the Northeast Research Station. There was not 
a significant year by variety by insecticide treatment interaction for Heliothine 
damaged squares (F = 0.24; df = 12, 403; P >  0.05), Heliothine larvae 
infested squares (F = 0.38; df = 12, 403; P > 0.05), boll weevil damaged 
squares (F = 0.73; df = 12, 403; P >  0.05) or lint yields (F = 1.25; df =  
12, 71; P > 0.05) {Table 3.2). Therefore, these data were analyzed and 
reported across years at this location.
There was a not significant variety by insecticide treatment interaction 
for Heliothine damaged squares (F = 3.31; df = 6, 403; P = 0.0226) or 
Heliothine larvae infested squares (F = 0.5145; df = 6, 403; P >  0.05) 
(Table 3.2). There was a significant variety by insecticides interaction for boll 
weevil damaged squares (F = 6.59; df = 6, 403; P = 0.0008) (Figure 3.1). 
All treatment combinations with LA 850082 had significantly fewer boll 
weevil damaged squares than all other combinations, except for plots treated 
with l-cyhalothrin. There was not a significant variety by insecticide treatment 
interaction for lint yield (F = 1.28; df = 6, 71; P >  0.05).
There were no significant differences among varieties in Heliothine 
damaged squares (F = 2.90; df = 2, 402; P >  0.05) (Table 3.2). LA 
850082 had significantly fewer Heliothine larvae infested squares than 
Deltapine 51 but not less than Gumbo 500 (F = 22.92, df = 2, 403; P = 
0.0001). LA 850082 plots also had significantly fewer boll weevil damaged 
squares than Gumbo 500 and Deltapine 51 (F = 110.8; df = 2, 403; P =
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Table 3.2. Effects of cotton varieties and Insecticide combinations for Heliothine and boll weevil control at the Macon
Ridge branch of the Northeast Research Station, 1992-1994.
No. Heliothine oer 3 m olant terminals % Heliothine % Boll weevil Lint yield
Treatment eggs larvae damage damaged sq. Infested sq. damaged sq. (kg/ha)
Variety 
Gumbo 500 1 1 1 15.6 a 4.1 ab 19.9 b 371.6 a
LA 850082 14.0 a 3.7 b 11.5 c 373.9 a
Deltapine 51 16.1 a 6.2 a 22.6 a 411.9 a
P >  F (ANOVA) (0.0812) (0.0243) (0.0001) (0.0728)
Insectlclde/aoollcatlon volume 
Dipel ES® - 102.9 llters/ha* 14.8 ab 4.3 b 18.1 a 386.7 b
Dipel ES® - 56.1 liters/ha* 13.9 b 4.8 ab 20.9 a 376.3 be
l-cyhalothrin - 56.1 llters/ha* 13.8 b 4.5 ab 14.2 b 445.7 a
Untreated 18.2 a 6.1 a 18.7 a 334.7 0
P >  F (ANOVA) (0.0001) (0.0011) (0.0001) (0.0010)
Variety bv Insecticide 
P >  F (ANOVA) (0.1376) (0.5144) (0.0008)* 10.3137)
Means within a column followed by a common letter are not significantly different, (P > 0.05, Least Squares Means) 
’ Data not taken.
 ^ Dipel ES® rate was 1.75 liters (form)/ha at both application volumes and l-cyhalothrin rate was 0.03 kg ai/ha.
 ^See Figure 3,1 for interaction and Appendix Table C.1 for numerical data. m
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Figure 3.1. Effects of cotton varieties and insecticide combinations on boll 
weevil control at the Macon Ridge branch of the Northeast Research Station, 
1992-1994. The letters "A.V." represent application volume. Columns 
sharing a common letter are not significantly different IP >  0.05, Least 
Squares Means). For numerical data, see Appendix Table C.1.
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0.0001). Gumbo 500 plots also had significantly fewer boll weevil damaged 
squares than Deltapine 51. There were no significant differences among 
varieties for lint yield (F = 3.14; df = 2, 71; P >  0.05).
Among insecticides, plots treated with l-cyhalothrin and Dipel ES® at 
56.1 liters/ha had significantly fewer Heliothine damaged squares than that 
in the untreated plots (F = 17.32; df = 3, 402; P = 0.0001). Only plots 
treated with Dipel ES® at 102.9 liters/ha had significantly fewer Heliothine 
larvae infested squares than that in the untreated plots (F = 8.38; df = 3, 
403; P =  0.0011). Plots treated with l-cyhalothrin had significantly fewer 
boll weevil damaged squares than that in the untreated plots (F = 21.04; df 
= 3, 403; P =  0.0001). Plots treated with Dipel ES® at 102.9 liters/ha or I- 
cyhalothrin produced significantly greater lint yields than untreated plots (F = 
8.42, df = 3, 71; P = 0.0010).
Discussion
The results presented herein are similar to those of Wilcox et al. (1993). 
In that study, they found that LA 850082 treated twice weekly with B. 
thuringiensis had significantly fewer damaged squares and larvae infested 
squares than two commercial cotton varieties, DES 119 and DPL 50. In the 
study presented herein, data from both locations summarized over a three 
year period demonstrated that plots treated with Dipel ES® had significantly 
fewer Heliothine damaged squares than the untreated control. Also, at the 
Macon Ridge branch of the Northeast location, plots treated with Dipel ES®
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at 1.75 liters (form)/ha were not significantly different from plots treated with 
l-cyhalothrin at 0.03 kg ai/ha for Heliothine damaged squares. Also, plots 
treated with Dipel ES® were the only plots with significantly fewer Heliothine 
larvae infested squares than the untreated control at that location. The 
tobacco budworm has developed resistance to all recommended classes of 
insecticides used on cotton (Sparks 1981; Leonard et al. 1988; Campanhola 
and Plapp 1989; Elzen et al. 1992, 1993; Martin et al. 1992). Therefore, this 
should be considered when comparing B. thuringiensis insecticide efficacy to 
chemical standards used for tobacco budworm control.
LA 850082 confers some level of resistance to the bollworm and 
tobacco budworm complex (Lincoln et al. 1971). At both locations over the 
three year period, there were no significant differences among varieties in 
Heliothine damaged squares. However, at both locations over the same 
period, LA 850082 had significantly fewer Heliothine larvae infested squares 
than Deltapine 51 and numerically fewer than Gumbo 500. Schuster and 
Anderson (1976) also reported fewer Heliothine damaged squares and larvae 
in squares for frego bract cottons compared to a normal bract Stoneville 
variety.
The frego bract trait confers resistance to the boll weevil by non­
preference (Jenkins et al. 1969, Parrott et al. 1972). The data presented 
herein support previous results. At both locations over the three year period, 
LA 850082 had significantly lower boll weevil damaged squares than the
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other varieties. There also was a significant variety by insecticide treatment 
interaction at the Macon Ridge location. Regardless of insecticide, all 
combinations that included LA 850082 had significantly fewer boll weevil 
damaged squares than all other insecticide treatments and varieties except 
those treated with l-cyhalothrin. The boll weevil has not developed 
resistance to the pyrethroid insecticides in Louisiana (Martin et al. 1993) and 
Dipel ES® does not control this pest (Gerlenter 1990). It was expected that 
l-cyhalothrin would reduce boll weevil damaged squares below all other 
treatments. The higher lint yields that occurred in plots treated with 1- 
cyhalothrin compared to those treated with Dipel ES® may be partially 
explained by differences in boll weevil control among insecticide treatments.
Dipel ES® is recommended at rates of 0.58-4.67 liters (form)/ha in a 
minimum application volume of 74.8 liters/ha when applied by ground. In 
these experiments, 1.75 liters (form)/acre of Dipel ES® was tested at a high 
(93.5-102.9 liters/ha) and low (46.8-56.1 liters/ha) application volume. 
Application volume did not have a significant affect on Heliothine control or 
lint yield. These results are similar to those of All and Young (1993). In their 
study. Javelin WG® was tested at application volumes of 46.7, 93.4 and 
140.0 liters/ha. They found no significant effect of application volume on 
activity of B. thuringiensis against tobacco budworm.
The okra leaf trait (Gumbo 500) allows greater insecticide penetration 
compared to that of normal leaves (Jones 1972, James and Jones 1985,
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Maxwell 1977). Among varieties in the studies presented herein. Gumbo 500
had significantly fewer boll weevil damaged squares and numerically fewer
Heliothine larvae infested squares than Deltapine 51.
Innovative insect pest management strategies are needed to control
bollworm and tobacco budworm in cotton. Heliothine resistant cultivars offer
promise to manage this pest. LA 850082 provided some level of protection
against tobacco budworm not observed in Deltapine 51. However, the use
of this line is limited to breeding material because of low yield potential. LA
850082 also provided excellent control of boll weevil, but in the absence of
a preferred variety, control of boll weevil by LA 850082 may be reduced. The
results of these studies demonstrate that application volume does not have a
significant effect on the efficacy of Dipel ES®. Dipel ES® provided some
control of the Heliothine complex. Thus the use of Dipel ES® and other
formulations of B. thuringiensis probably will increase due to escalating
resistance to commercial insecticides.
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CHAPTER 4
EVALUATION OF TRANSGENIC COTTON EXPRESSING 
THE ENDOTOXIN OF Bacillus thuringiensis Berliner 
var. kurstaki FOR HELIOTHINE CONTROL IN LOUISIANA
Introduction
Bacillus thuringiensis Berliner, a bacterium commonly found in the 
environment, is used as a microbial insecticide against bollworm, Helicoverpa 
zea (Boddie), and tobacco budworm, Heliothis virescens (F.). B. thuringiensis 
insecticides are generally not as effective as foliar applications of conventional 
chemical insecticides against bollworm and tobacco budworm {White et al. 
1993). B. thuringiensis insecticides rapidly degrade in the environment from 
exposure to ultraviolet light (Ignoffo et al. 1974, 1977; Krieg 1975). The 
short residual activity of B. thuringiensis insecticides necessitate an increase 
in application frequency and limits their cost effectiveness. However, B. 
thuringiensis products mixed with ovicides in foliar applications do provide 
acceptable control of low infestations of bollworm/tobacco budworm, 
especially during early season (Johnson and Studebaker 1994).
Genetic engineering has made possible the transfer of foreign genes into 
plants to express compounds toxic to insects and provide tolerance to certain 
herbicides (Comai et al. 1983, Firoozabady et al. 1987, Umbeck et al. 1987, 
Deaton et al. 1989, Casser and Fraley 1989, Stone 1990). These genetic 
transformations of plants have been made possible with the use of 
Agrobacterium tumefaciens (E. F. Sm. & Towns.), another soil bacterium.
77
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The ability to manipulate A. tumefaciens has helped to develop cell culture 
techniques that permit efficient DNA transfer, selection of transformants and 
regeneration of entire plants (Horsch et al. 1984, Fraley et al. 1986).
Monsanto Company (Agricultural Products, 800 North Lindbergh 
Boulevard, St. Louis, MO 63167) has used transgenic technology to transfer 
the gene producing a B. thuringiensis endotoxin into cotton plants 
(Firoozabady et al. 1987, Umbeck et al. 1987, Stone 1990). Transgenic 
cotton plants produce the 8. thuringiensis ex\ûotoy\n, therefore eliminating the 
problem with ultraviolet degradation and short residual activity. Transgenic 
plants have tremendous potential for insect pest management in many field 
crops and provide a unique insecticide delivery system to the target insects 
while minimizing exposure to nontarget species.
The primary objective of these experiments was to evaluate selected 
treatment thresholds of 8. thuringiensis cottons (Line 81, Line 1076 and Line 
531 ) against the Heliothine complex. A second objective was to evaluate the 
effects of transgenic Line 1076 on beet armyworms, Spodoptera exigua 
(Hubner), and soybean loopers, Pseudopiusia inciudens (Walker), in Louisiana.
Materials and Methods 
These experiments were conducted at the Northeast Research Station 
near St. Joseph, Louisiana during 1992-94. All procedures, locations and 
testing with transgenic cotton plants were approved by the Louisiana 
Department of Agriculture, USDA-APHIS and the Louisiana State University
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Institutional Biosafety Committee. Seed for all varieties was supplied by 
Monsanto Company.
Experimental design and plot maintenance. For all three years, 
treatments were arranged in a randomized block design with 4 replications. 
Plots were 8 rows (1.02 m centers) by 9.1 m. The test was planted 14 May, 
17 May and 20 May for 1992, 1993 and 1994, respectively. A 27.4 m 
border of nontransgenic cotton was planted around the entire test area each 
year to serve as a pollen sink (Umbeck et al. 1991). The border consisted of 
Deltapine 5415 cotton, Deltapine 51 cotton and Deltapine 5415 cotton 
planted on the same date as the transgenic cultivars in 1992, 1993 and 1994, 
respectively. Normal cultural practices recommended for cotton production 
were applied to the experiments throughout the season.
Insect pests other than Lepidoptera including cotton aphid. Aphis 
gossypi! Glover, boll weevil, Anthonomus grandis grandis Boheman, and 
tarnished plant bug, Lygus iineoiaris (Palisot de Beauvois), were controlled as 
needed with acephate at 0.37 kg ai/ha (Orthene 90S®; Valent USA 
Corporation, Walnut Creek, CA), azinphosmethyl at 0.28 kg ai/ha (Guthion 
2L®; Miles Inc., Kansas City, MO), carbofuran at 0.56 kg ai/ha (Furadan 4F®; 
FMC Corporation, Philadelphia, PA), chlorpyrifos at 0.28-1.12 kg ai/ha 
(Lorsban 4E®; DowElanco, Indianapolis, IN) and methyl parathion at 0.37-0.56  
kg ai/ha (Methyl Parathion 4EC®; Cheminova Agro A/S, Lemvig DK-7620, 
Denmark).
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Insecticide treatments were applied with a high clearance sprayer 
equipped with a COj system for spraying small plots, which was calibrated to 
deliver 46.8 or 93.5 liters/ha at 3-5.4 kg/cm^ through two TX-6, TX-8, TX-12 
or TX-18 hollow cone nozzles equally spaced per row.
Transgenic lines and action thresholds. In 1992, the treatments 
evaluated were: Coker 312 (the original nontransgenic parental cultivar 
[untreated]), Coker 312 (treated), transgenic Line 81 (untreated) and 
transgenic Line 81 (treated). Insecticides for Heliothine control (Coker 312 
and transgenic Line 81 [treated] plots) were applied when a 25 square 
sample/plot indicated damage from these pests was >  5%. L-cyhalothrin at 
0.033 kg ai/ha (Karate IE®; Zeneca Inc. Ag. Products, Wilmington DE) plus 
thiodicarb at 0.28 kg ai/ha (Larvin 3.2F®; Rhone-Poulenc Ag. Co., Research 
Triangle Park, NC) was applied on 21, 24 and 29 July and profenofos at 1.12 
kg ai/ha (Curacron 8E®; Ciba-Geigy Corporation, Greensboro, NC) was applied 
3 and 7 August to the Coker 312 (treated) plots. No insecticide treatments 
for Heliothine control were applied to transgenic Line 81 plots.
In 1993, seven treatments were used to evaluate selected treatment 
thresholds for transgenic Line 1076. The thresholds were based on percent 
damaged squares estimated from random samples collected from the plots. 
The treatments were: transgenic Line 1076 (2% action threshold), transgenic 
Line 1076 (5% action threshold), transgenic Line 1076 (8% action threshold), 
transgenic Line 1076 (untreated), Coker 312 (treated), transgenic Line 1076
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(treat when Coker 312 [treated] was treated) and Coker 312 (untreated). 
Insecticides were not applied to transgenic Line 1076 (2% action threshold) 
plots, unless Heliothine square damage averaged >  2%  for all transgenic 
plots. If damage exceeded this level, then the remaining treatments were 
considered as a group until damage exceeded the next action threshold. In 
Coker 312 (treated) plots, insecticides were applied when a 25 square 
sample/plot indicated Heliothine damage > 5 % .  Thiodicarb (0.28 kg ai/ha) 
was applied to all plots on 2 August for beet army worm control. L-cyhalothrin 
(0.033 kg ai/ha) was applied to the Coker 312 and transgenic Line 1076 
(treated) plots on 27 July and on 2, 9 and 13 August. Transgenic Line 1076 
(2% action threshold) plots were also treated with l-cyhalothrin at 0.033 kg 
ai/ha on 27 July and on 9 and 13 August.
In 1994, selected treatments were used to evaluate action thresholds 
for blended seed of transgenic Line 531 and Coker 312 at 90:10 ratio. The 
thresholds were based on percent damaged squares estimated from random 
samples collected from the plots. The following treatments were evaluated: 
transgenic Line 531 (untreated), blended seed (untreated), blended seed (2% 
action threshold), blended seed (5% action threshold), blended seed (10% 
action threshold), Coker 312 (untreated) and Coker 312 (treated). In Coker 
312 (treated) plots, insecticides were applied when a 25 square sample/plot 
indicated Heliothine damage >  5%. Insecticide treatments were initiated 
when average damage levels exceeded individual thresholds as in the 1993
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evaluations. L-cyhalothrin (0.033 kg ai/ha) was applied to the Coker 312 
(treated) plots on 19, 22 and 27 July. No insecticide treatments for 
Heliothine control were applied to transgenic Line 531.
Treatment evaluations. Each year, plots were sampled throughout the 
season by randomly selecting 25 cotton flower buds (squares) within 5 nodes 
below the terminal. Treatments were evaluated by examining these squares 
for Heliothine and boll weevil injury and squares infested with Heliothine 
larvae. A square was recorded as damaged by Heliothine larvae if feeding 
completely penetrated to the corolla or calyx of the square. Boll weevil injury 
was recorded for squares that exhibited oviposition or feeding. These data 
were collected each week from 8 July through 18 August, 1992; from 1 July 
through 9 August, 1993; and 7 July through 10 August 1994.
Yields were determined by hand harvesting all open bolls within a 
random 3 m section within each plot on 10, 23, 28 September and 12 
October 1992, and on 27 August, 3 and 27 September 1993. In 1994, the 
two center rows of each plot were mechanically harvested on 25 October. 
All variables were subjected to analysis of variance (ANOVA) using the general 
linear models (SAS 1989). Means were compared using LSD.
Soybean looper and beet armyworm studies. In 1993, three m sections 
on the two middle rows of each plot were examined on 2 August for soybean 
looper and beet armyworm injury. Soybean looper feeding was assessed as 
leaves that had foliage loss from irregular holes that passed completely
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through the leaf. Beet armyworm feeding was characterized as those leaves 
that were fed on without the injury passing completely through the leaf giving 
a "window pane" appearance. These variables were subjected to analysis of 
variance (ANOVA) using the general linear models (SAS 1989) and treatment 
means were compared using Least Squares Means.
In addition, 20 leaves were randomly collected on 16 August from the 
two center rows of Coker 312 (untreated) and transgenic Line 1076 
(untreated) plots. Leaf area (cm )^ of all leaves was recorded using a Li-Cor®, 
Li-3100 Area Meter (Lincoln, Nebraska). These variables were compared 
using paired t-tests (SAS 1989).
A no-choice laboratory experiment was conducted to further examine 
the effects of transgenic Line 1076 (untreated) on beet armyworm foliage 
consumption and survival. Newly hatched aggregates of beet armyworm 
larvae (ca. 3 d old) were collected from commercial cotton fields at the 
Northeast Research Station on 13 August. Ten leaves were randomly 
collected from within 3 nodes below the terminal from each plot of transgenic 
Line 1076 (untreated) cotton and Coker 312 (untreated) cotton. Individual 
leaf area was measured and a single leaf was placed in each of ten petri 
dishes (10.2 cm diameter) per plot. Five beet armyworm larvae (50/plot) were 
applied to each dish and allowed to feed for 72 h. After this period, the 
remaining leaf area was determined and mortality of larvae was recorded. 
Leaves also were rated according to damage by a scale of 1-5 with 1 equal
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to ca. 20% foliage loss and 5 equal to complete (100%) foliage loss. The 
surviving larvae were transferred to petri dishes containing fresh foliage from 
each respective treatment. This continued until pupation or death of the 
larva. The following variables were measured: cumulative percent leaf area 
consumed, visual leaf damage, cumulative percent mortality of larvae, percent 
pupation and weight of pupae. All variables were compared using paired t- 
tests (SAS 1989).
Results
In 1992, Heliothine damaged squares in the transgenic Line 81 plots 
never exceeded 5% (Table 4.1). In contrast, Coker 312 (treated) and Coker 
312 (untreated) plots had significantly greater Heliothine damaged squares on 
29 July compared to that for transgenic Line 81 plots (F = 22.8; df = 3, 9; 
P = 0.0002). Also, on 3 August, Coker 312 (treated) and Coker 312 
(untreated) plots had significantly greater Heliothine square damage compared 
to the transgenic Line 81 plots (F = 9.4; df =  3, 9; P = 0.0039). Across all 
sample dates, transgenic Line 81 plots had significantly fewer Heliothine 
damaged squares than Coker 312 (treated and untreated) (F = 23.9; df = 3, 
9; P = 0.0001) (Table 4.2). The transgenic Line 81 plots also had 
significantly fewer squares infested with larvae (F = 15.7; df = 3, 9; P =  
0.0006) and boll weevil damaged squares (F = 3.9; df =  3, 9; F = 0.0496) 
than Coker 312 (untreated) plots across all sample dates (Table 4.2). 
Transgenic Line 81 (untreated) produced seedcotton yields that were not
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Table 4.1. Percent Heliothlne damaged squares for transgenic Line 81 and Coker 312 (original nontransgenic parental
cuitivar) cotton, 1992.
Samele Date
Treatment 8 July 14 July 17 July 21 July 24 July 29 July 3 August 10 August 13 August 18 August*
Line 81 
(treated)’ 1.2 be 1.2 a 0 .0  a 0 .0  a 3.2 b 3.2 c 4 .0  b 0.0 a 2.0 a 0 .0  b
Line 81 
(untreated) 0.0  c 0.0  a 1.2 a 0 .0  a 2.0 b 4.0 0 1.2 b 0.0  a 4.0 a 3.2 b
Coker 312  
(treated)* 6.0 a 1.2 a 3.2 a 3.2 a 9.2 ab 16.0 b 18.0 a 2.0 a 5.2 a 2.0 b
Coker 312  
(untreated) 5.2 ab 1.2 a 5.2 a 8 .0  a 13.2 a 32.0 a 25.2 a 3.2 a 7.2 a 8.0 a
P >  F 
LSD
(0.0489)
4.8
(0.7834)
2.8
(0.2642)
5.6
(0.0772)
6.8
(0.0383)
8.0
(0.0002)
9.2
(0.0039)
12.0
(0.1883)
3.6
(0.0877)
4.0
(0.0181)
4.4
Means within a column followed by a common letter are not significantly different, (P > 0.05, LSD). 
’ Never treated, did not exceed 5% Heliothlne damaged squares.
 ^Treated when Heliothlne damaged squares were ^  5%.
 ^ Heliothlne damaged boils.
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Table 4.2. Heliothlne damaged squares, squares Infested with larvae and boll weevil damaged squares across sample
dates (July 24 through August 13) and seed cotton yield (kg/ha) for transgenic Line 81 and Coker 312 (original
nontransgenic parental cuitivar) cotton, 1992.
Season Mean
Treatment
% Heiiothine 
damaged squares
% Heiiothine 
infested squares'
% Boll weevil 
damaged squares’
Yield (kg/ha) 
seedcotton
Line 81 
(treated)* 2.5 0 0 .0  b 7.6 b 3167.3  b
Line 81 
(untreated) 2.2 c 0.0 b 7.2 b 3474.5  ab
Coker 312  
(treated)* 10.1 b 1.2 b 7.4 b 3770.3  a
Coker 312  
(untreated) 16.2 a 4.4 a 14.8 a 3567.0  a
P >  F 
LSD
(0.0001)
4.4
(0.0006)
1.7
(0.0496)
6.0
(0.0219)
349.8
Means within a column followed by a common letter are not significantly different, (P > 0.05, LSD). 
’ For numerical data by sample date, see appendix Tables B.1 and B.2, respectively.
 ^Never treated, did not exceed 5% Heliothlne damaged squares.
 ^Treated when Heliothlne damaged squares were > 5%.
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significantly different from that of Coker 312 (treated and untreated) (F =  
5.3; df = 3, 9; P = 0.0219) (Table 4.2).
In 1993, transgenic Line 1076 plots exceeded 2% damaged squares 
and required insecticide applications (Table 4.3). On 2 August, all transgenic 
Line 1076 plots had significantly fewer damaged squares than the Coker 312 
plots (F = 6.9; df = 6, 18; P == 0.0006). Across sample dates, the 
transgenic Line 1076 plots had significantly fewer damaged squares than 
Coker 312 plots (F = 6.6; df = 6, 18; P = 0.0008) (Table 4.4). Also, all 
transgenic Line 1076 plots and Coker 312 (treated) plots had significantly 
fewer squares infested with Heiiothine larvae across sample dates than Coker 
312 (untreated) (F = 6.9; df = 6, 18; P = 0.0006). There were no 
significant differences among treatments across sample dates in numbers of 
boll weevil damaged squares (F = 1.0; df = 6, 18; P > 0.05). All transgenic 
Line 1076 plots produced seedcotton yields that were as high or higher than 
Coker 312 (untreated) plots (F = 3,6; df = 6, 18; P = 0.0163). Only 
transgenic Line 1076 (treated) plots produced yields that were not 
significantly different from that of treated Coker 312.
In 1994, the transgenic Line 531 plots never had damaged squares that 
exceeded 2% on any sample date (Table 4.5). Coker 312 (untreated) had 
significantly more damaged squares on 3 August than all transgenic Line 531 
plots (F = 3.8; df = 6, 18; P == 0.0127). Across sample dates, all 
transgenic plots and Coker 312 (treated) plots had significantly fewer
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Table 4.3. Percent Heiiothine damaged squares for transgenic Line 1076 and Coker 312 (original nontransgenic
parental cuitivar) cotton, 1993.
CD
Q.
■D
CD
(/)(/)
Samole Date
Treatment 1 July 8 July 13 July 19 July 27 July 2 August 9 August
Line 1076 - 2% 
action threshold’ 1.2 a 0 .0  a 0 .0  a 0 .0  a 2.0 b 1.2 b 4.0 a
Line 1076 - 5% 
action threshold’ 0 .0  a 0 .0  a 0 .0  a 1.2 a 1.2 b 3.2 b 1.2 a
Line 1 0 7 6 -8 %  
action threshold’ 1.2 a 1.2 a 0 .0  a 0 .0  a 5.2 b 1.2 b 3.2 a
Line 1076 
(treated)* 0.0 a 0 .0  a 0 .0  a 0 .0  a 4.0 b 4.0 b 4.0 a
Line 1076 
(untreated) 3.2 a 0 .0  a 0 .0  a 0 .0  a 1.2 b 3 .2  b 3.2 a
Coker 312  
(treated)* 3.2 a 1.2 a 0 .0  a 1.2 a 16.0 a 13.2 a 9.2 a
Coker 312  
(untreated) 1.2 a 1.2 a 0 .0  a 1.2 a 4.0 b 21.2 a 13.2 a
P >  F (0.4552) (0.6589) (1.000) (0.4552) (0.0045) (0.0006) (0.0652)
LSD 3.6 2.0 0.0 1.6 7.2 8.4 8.0
Means within a coiumn foilowed by a common letter are not significantly different, (P > 0.05, LSD).
’ Treated when Heiiothine damaged squares are within thresholds respectively.
 ^Coker 312 and transgenic Line 1076 treated when Heiiothine damaged squares were > 5% in Coker 312.
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Table 4.4. Heiiothine damaged squares, squares infested with larvae and boil weevil damaged squares across sample
dates (August 2 and August 9) and seed cotton yield (kg/ha) for transgenic Line 1076 and Coker 312 (original
nontransgenic parental cuitivar) cotton, 1993.
Season Mean
Treatment
% Heliothlne 
damaged squares
% Heliothlne 
Infested squares'
% Boll weevil 
damaged squares'
Yield (kg/ha) 
seedcotton
Line 1076 - 2%  
action threshold* 2.6 b 0.0 b 22.0 a 1160.0 c
Line 1076 - 5%  
action threshold* 2.1 b 0.0 b 27.0 a 1189.8 c
Line 1076 - 8%  
action threshold* 2.7 b 0.0 b 18.5 a 1234.4 c
Line 1076  
(treated)* 4.0 b 0.0 b 15.0 a 1769.8 ab
Line 1076 
(untreated) 3.2 b 0.0 b 22.5 a 1427.7 be
Coker 312  
(treated)* 11.2 a 2.5 b 25.5 a 1948.2 a
Coker 312  
(untreated) 17.2 a 6.0 a 31.5 a 1234.4 c
P >  F (0.0008) (0.0006) (0.4540) (0.0163)
LSD 6.7 2.6 16.2 505.6
Means within a column followed by a common letter are not significantly different, (P > 0.05, LSD).
’ For numerical data by sample date, see appendix Tables B.3 and B.4, respectively.
 ^Treated when Heiiothine damaged squares are & thresholds, respectively.
 ^Coker 312 and transgenic Line 1076 treated when Heiiothine damaged squares were >  5% in Coker 312.
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Table 4.5. Percent Heiiothine damaged squares for transgenic Line 531 and Coker 312 (original nontransgenic parental
cuitivar) cotton, 1994.
Samole Date
Treatment 7 July 14 July 22 July 28 July 3 August 10 August
Line 531 blended seed' 
(untreated) 0 .0  a 0 .0  a 1.2 a 1.2 a 1.2 be 1 .2a
Line 531 biended seed 
2% action threshold^ 0.0  a 1.2 a 0.0 a 0 .0  a 1.2 be 0.0  a
Line 531 blended seed 
5% action threshold* 0.0 a 0 .0  a 1.2 a 2.0 a 0 .0  c 0.0  a
Line 531 blended seed 
10% action threshold* 1 .2a 0.0  a 0.0 a 0 .0  a 0 .0  c 0.0 a
Line 531 
(untreated) 0 .0  a 0 .0  a 0.0 a 1.2 a 0 .0  c 2.0 a
Coker 312  
(treated)* 0.0 a 1.2 a 1.2 a 0 .0  a 3.2 ab 2.0 a
Coker 312  
(untreated) 0.0 a 2.0 a 4.0 a 3.2 a 5.2 a 0.0 a
P >  F (0.4552) (0.3245) (0.0574) (0.4269) (0.0127) (0.2216)
LSD 1.2 2.0 2.8 3.2 2.8 2.4
Means within a column followed by a common letter are not significantly different, (P > 0.05, LSD). 
’ Blended seed at a ratio of 90:10 (transgenic Line 531:Coker 312).
 ^Treated when Heliothlne damaged squares were within thresholds respectively.
® Treated when Heliothlne damaged squares were 5: 5%.
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damaged squares than Coker 312 (untreated) (F = 4.5, df = 6, 18; P = 
0.0058) (Table 4.6). There were no significant differences among treatments 
in squares infested with Heiiothine larvae (F = 0.5; df = 6, 18; P >  0.05), 
boil weevil damaged squares (F =  0.8; df =  6, 18; P >  0.05) and seedcotton 
yields (F = 0.7; df = 6, 18; P >  0.05).
Soybean Looper and Beet Army worm Studies. The number of damaged 
leaves on 2 August indicated no significant differences among Coker 312 or 
transgenic Line 1076 plots for soybean looper (F = 1.1; df = 6, 18; P >  
0.05) or beet army worm (F = 2.2; df =  6, 18; P >  0.05) (Table 4.7). 
However, leaf area was significantly higher for transgenic Line 1076 
(untreated) than for Coker 312 (untreated) on 16 August (Table 4.8). With 
beet armyworm, there were no significant differences between transgenic Line 
1076 (untreated) or Coker 312 (untreated) for cumulative leaf area consumed, 
leaf damage, cumulative mortality of larvae, percent pupation and weight of 
pupae (Table 4.8).
Discussion
In 1992, damaged squares in transgenic Line 81 plots never exceeded 
5% and no insecticides were needed for Heiiothine control. However, five 
insecticide applications were applied to manage Heiiothine infestations in the 
nontransgenic parental cuitivar, Coker 312. In this test, conventional 
insecticide treatments did not provide Heiiothine control compared to that 
provided by transgenic Line 81. These results are similar to those of
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Table 4.6. Heiiothine damaged squares, squares infested with larvae and boil weevil damaged squares across sample
dates (July 22 through August 10) and seed cotton yield (kg/ha) for transgenic Line 1076 and Coker 312 (original
nontransgenic parental cuitivar) cotton, 1993.
Treatmont
% Heliothlne 
damaged squares
Season Mean 
% Heliothlne 
Infested squares'
% Boll weevil 
damaged squares'
Yield (kg/ha) 
seedcotton
Line 531 blended seed* 
(untreated) 1.2 be 0 .0  a 6.8 a 2878.9 a
Line 531 blended seed 
2% action threshold® 0.3  be 0.3  a 9.3 a 2910.6 a
Line 531 blended seed 
5% action threshold® 0.8 be 0.6  a 8.5 a 2854.5 /a
Line 531 blended seed 
10% action threshold® 0.0  c 0.3 a 6.3 a 2935.0 a
Line 531 
(untreated) 0.8 be 0.0  a 7.3 a 2483.7 a
Coker 312  
(treated)^ 1.6 b 0.3 a 6.3 a 3008.2  a
Coker 312  
(untreated) 3.1 a 0.8 a 12.7 a 2727.6 a
P >  F (0.0058) (0.7839) (0.5870) (0.6633)
LSD 1.4 2.0 7.8 627.0
Means within a column foilowed by a common letter are not significantly different, (P > 0.05, LSD).
’ For numerical data by sample date, see appendix Tables B.5 and B.6, respectively.
 ^ Blended seed at a ratio of 90:10 (transgenic Line 531:Coker 312).
 ^Treated when Heiiothine damaged squares are within thresholds, respectively.
Treated when Heiiothine damaged squares are & 5%. to
to
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Table 4.7. Cotton leaves damaged (2 August, 1993) by beet armyworm and
soybean looper in transgenic Line 1076 and Coker 312 (original nontransgenic
parental cuitivar) cotton plots, 1993.
Treatment
Mean leaves inlured/ 3  m row 
Beet armyworm' Soybean looper'
Une 1 0 7 6 -2 %  
action threshold^ 2 .3  a 3.4 a
Une 1076 - 5% 
action threshold^ 0 .9  a 1.5 a
Une 1076 - treat 
action threshold^ 1.5 a 2 .0 a
Une 1076 
(treated)® 1.0 a 0 .3  a
Une 1076 
(untreated) 1.6 a 1.6 a
Coker 312  
(treated)® 4 .0  a 0 .6  a
Coker 312  
(untreated) 9.9 a 1.4 a
P >  F (0.0927) (0.4233)
LSD 6.4 2.9
Means within a column followed by a common letter are not significantly 
different, (P > 0.05, LSD).
’ Soybean looper feeding was assessed as leaves that had foliage loss from 
irregular holes completely through the leaf. Beet armyworm feeding was 
characterized as those leaves that were fed on without the injury passing 
completely through the leaf.
 ^ Treated when Heiiothine damaged squares were within thresholds 
respectively.
® Treated when Heiiothine damaged squares were >  5% in Coker 312.
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Table 4.8. Effects of transgenic Line 1076 (untreated) and Coker 312 (untreated) (original nontransgenic parental
cuitivar) cotton on soybean looper and beet armyworm, 1993.
CD
Q .
■D
CD
Variable Line 1076 Coker 312 Test statistics
Area/leaf (cm*) 
(16 August)’ 125.9
Field Test - Soybean looper and Beet armyworm 
115.5 F = 12.20; df = 3; P = 0.0396
Laboratory Test - Beet armyworm
Leaf area 
consumed (%) 49.3 49.4 F = 0.00; df = 3; P > 0.05
Damage
rating* 2.2 2.4 F = 1.90; df = 3; P > 0.05
Cumulative 
mortality (%) 53.5 55.5 F = 0.04; df = 3; P > 0.05
Pupation (%) 18.0 31.0 F = 3.15; df = 3; P > 0.05
Weight of pupae (mg) 57.2 54.6 F = 1.23; df = 3; P > 0.05
Means within a row are not significantly different if P > 0.05, t-test.
’ Mean area/ieaf Icm^), after soybean looper and beet armyworm feeding, from a field collected sample of a minimum 
of 20 leaves per plot, 16 August, 1993.
 ^ Leaves rated according to damage by a scale of 1-5 with 1 equal to ca. 20% damage and 5 equal to complete 
(100%) consumption.
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Mahaffey et al. (1994). in their study, transgenic Line 81 demonstrated 
excellent control of tobacco budworm. However, under high infestations of 
bollworm, damaged squares were as high as 14%. Mahaffey et al. (1994) 
suggested that additional chemical control may be needed to manage 
bollworm infestations. This is consistent with reports of Perlak et al. (1990) 
stating that bollworms are less susceptible to B. thuringiensis var. kurstaki 
than many other Lepidoptera.
In 1993, the study was designed to evaluate selected action thresholds 
for transgenic Line 1076. Heiiothine damaged squares in transgenic Line 
1076 plots exceeded 2%. Three insecticide treatments were applied during 
the season to maintain damaged squares at or below this threshold. 
Comparisons between Coker 312 (treated) and transgenic Line 1076 (treated) 
showed "automatic" insecticide applications to transgenic Line 1076 did not 
improve the efficacy provided by transgenic Line 1076 for Heiiothine control. 
The 5% action threshold was never exceeded in the transgenic Line 1076 
plots, but four Insecticide applications were applied to Coker 312 (treated) 
plots. In a study by DuRant (1994), transgenic Line 1076 exceeded the 2%  
treatment threshold and required one insecticide application. "Automatic" 
insecticide applications to transgenic Line 1076 based on damage in the Coker 
312 plots did not improve Heiiothine control.
In 1994, the study evaluated the effect of blended seed (transgenic Line 
531 and Coker 312 at a ratio of 90:10) on action thresholds. Scientists
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anticipate using blended seed to provide a réfugia for Heiiothine as one means 
to delay the development of resistance to B. thuringiensis {Tabashnik 1994). 
Heiiothine damaged squares never exceeded the 2% action threshold in 
transgenic Line 531 plots, and no insecticide treatments were applied. 
However, three insecticide treatments were applied to Coker 312 (treated) 
plots. To provide a réfugia for susceptible insects, some larval survival needs 
to occur. However, due to the excellent control of Heiiothine in transgenic 
cotton plants each year, environmental exposure to conventional chemical 
insecticides for Heiiothine was essentially eliminated.
Seedcotton yields produced by the transgenic lines generally were not 
significantly different from that of Coker 312 (treated) with the exception of 
1993. In that study, yields produced by transgenic Line 1076 (untreated) 
were lower than that for Coker 312 (treated). In that test, only transgenic 
Line 1076 with "automatic" insecticide applications produced yields 
comparable to Coker 312 (treated). This may be explained by less boll weevil 
damaged squares or beet armyworm/soybean looper feeding injury in 
transgenic Line 1076 plots that received "automatic" insecticide applications.
Yields produced by the transgenic lines evaluated in these studies were 
not compared to that of commercial varieties adapted to Louisiana's 
production systems. Several major cotton seed companies are transferring 8. 
thuringiensis genes to cultivars recommended for Louisiana and are currently 
improving the agronomic qualities of transgenic cotton lines.
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The data presented on soybean looper and beet armyworm leaf damage 
in the field demonstrate that the transgenic lines in these studies provide 
some control of these insect pests. However, in the laboratory study, 
transgenic Line 1076 (untreated) did not produce significant mortality or 
produce any sublethal effects on beet armyworm compared to Coker 312 
(untreated). Perlak et al. (1990) found that bollworm and beet armyworm are 
less susceptible to B. thuringiensis var. kurstaki than many Lepidoptera while 
cabbage looper, Trichopiusia ni (Hûbner), is one of the most sensitive. 
Infestations of other pests will likely occur on transgenic cultivars due to the 
less frequent use of conventional insecticides for Heiiothine control. This 
effect may have been observed in 1993 with transgenic Line 1076. In that 
study, numerically fewer boll weevil damaged squares were observed in 
transgenic Line 1076 plots that received "automatic" insecticide applications.
Additionally, no significant differences in Heiiothine oviposition between 
the transgenic lines and nontransgenic parental cultivars for 1992, 1993 or 
1994 indicated no preference by Heiiothine (data not shown). However, some 
Heiiothine damaged squares did occur in the transgenic cotton plots each 
year. Because insects must feed on plant tissue to be exposed to the 
endotoxin, some damage will occur. Jenkins et al. (1992) found that the age 
of tobacco budworm larvae has a significant effect on growth and survival 
when exposed to transgenic cotton foliage. In their study, 3 d old tobacco 
budworm larvae placed on detached plant tissue of five transgenic cottons did
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not successfully pupate while larvae placed on detached plant tissue of the 
nontransgenic parent cuitivar Coker 312 or DES 119 (adapted cuitivar) did 
pupate. When 6 d old tobacco budworm larvae were placed on the detached 
plant tissue of those same transgenic cottons, larval survival ranged from 60- 
90%, but survivors were significantly smaller than larvae fed detached plant 
tissue of nontransgenic Coker 312 or DES 119. Some Heiiothine individuals 
in field populations may vary in susceptibility to specific B. thuringiensisXox\ns 
in the transgenic lines which could have affected damage levels (Stone and 
Sims 1993).
There is considerable concern among scientists about the development 
of resistance in tobacco budworm to the B. thuringiensis endotoxin expressed 
in transgenic plants. Laboratory selection with B. thuringiensis produced 
resistance in the tobacco budworm and the sunflower moth, Homoeosoma 
electellum (Hulst) (Brewer 1991, Stone et al. 1989). McGaughey (1985) 
demonstrated 30X resistance to B. thuringiensis in laboratory populations of 
Indianmeal moths, Piodia interpuncteiia (Hûbner), reared on artificial diet 
containing B. thuringiensis for two generations. He also reported resistance 
of a strain of Indianmeal moth collected from treated grain bins. Continuous 
exposure of insects to any natural or synthetic toxin can result in the 
development of resistance. Monsanto Company is currently attempting to 
develop strategies to manage insect resistance to this technology before 
transgenic plants become available to the producer. Methods discussed by
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Tabashnik (1994) include mixtures of toxins, use of synergists, mosaics, 
rotations, uitrahigh doses and réfugia. Seed blends (réfugia) of 
transgenicmontransgenic lines other than those reported in these studies 
including ratios as low as 25:75 (transgenlc:nontransgenic) are currently being 
evaluated. Tabashnik (1994) stated that réfugia (spatial and temporal) are the 
best method to delay resistance to transgenic plants.
Before transgenic technology, foliar applications of B. thuringiensis 
provided only minimal control of low to moderate infestations of bollworm and 
tobacco budworm and negligible control of high infestations. Transgenic 
plants offer an excellent opportunity to more effectively use 8. thuringiensis 
for control of bollworm and tobacco budworm in cotton. Today, public 
awareness dictates that environmentally safer means of pest control must be 
used to produce all crops. Transgenic cotton plants, which express the 
endotoxin of B. thuringiensis, may substantially reduce the use of 
conventional insecticides that are toxic to beneficial insects, birds, fish and 
wildlife (including humans) for control of many Lepidoptera. However, the 
development of resistance to B. thuringiensis using this technology is of 
primary concern and will occur in time. The strategies to delay resistance 
needs extensive investigation before resistance occurs. Considerable research 
beyond the scope of this investigation needs to be and will be conducted in 
the future as transgenic material becomes available. The deployment of this
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technology should not be delayed due to the environmental benefits that it will 
provide.
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SUMMARY AND CONCLUSIONS
Laboratory and field trials were conducted at the Macon Ridge branch 
of the Northeast Research Station near Winnsboro, Louisiana and the 
Northeast Research Station near St. Joseph, Louisiana to evaluate Bacillus 
thuringiensis Berliner insecticides for management of the cotton bollworm, 
Heiicoverpa zea (Boddie), and the tobacco budworm, Heliothis virescens (F.), 
complex in cotton. Laboratory data for Dipel ES® on tobacco budworm 
indicated that rates >  1.17 liters {form)/ha and thiodicarb at 1.17 liters 
(form)/ha) caused larval mortality significantly higher than the untreated 
control 2 h posttreatment. At 72 h posttreatment, Dipel ES® at 4.68 liters 
(form)/ha and thiodicarb at 1.17 liters (form)/ha caused mortality significantly 
greater than the untreated control, while rates of Condor OF® >  0.58 liters 
(form)/ha produced significantly greater mortality than the untreated control. 
Regardless of tobacco budworm colony used in the laboratory evaluations 
{laboratory colony or field-collected colony) or B. thuringiensis\nsecX\c\(3ie used 
(Dipel ES® or Condor OF®), mortality levels did not significantly increase as 
dosage rates increased, indicating a relatively flat dosage response line.
in a persistence study with Dipel ES®, the insecticide at 1.17 liters 
(form)/ha caused 84.9% mortality of tobacco budworm at 2 h posttreatment, 
which was significantly greater than mortality caused by the insecticide at 
0.29 liters (form)/ha (37.2%). At 24 h posttreatment, Dipel ES® at 1.17 liters 
(form)/ha caused 33.9% mortality. This was significantly different from the
103
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untreated control, while Dipel ES® at 0.29 liters {form)/ha was not. There 
were no significant differences among treatments at 48 h posttreatment. 
These results suggest that mortality caused by Dipel ES® decreases by ca. 
50% by 24 posttreatment and is negligible by 48 h posttreatment.
Several trials were conducted with Dipel ES® and Condor OF® to 
measure field control. Across tests with Dipel ES®, all treatments except Dipel 
ES® at 0.29 liters (form)/ha significantly reduced damaged squares below that 
observed in the untreated plots and the highest rate of Dipel ES® was the only 
treatment with significantly fewer damaged squares compared to the lowest 
rate. Furthermore, all treatments provided control that was not significantly 
different from that of thiodicarb. Only Dipel ES® at 4.67 liters (form)/ha and 
thiodicarb significantly reduced numbers of squares infested with larvae below 
that observed in the untreated plots. With Condor OF®, rates s  1.17 liters 
(form)/ha and thiodicarb significantly reduced damaged squares below that 
observed in the untreated plots, and there were no significant differences 
among treatments in numbers of squares infested with larvae.
A laboratory bioassay of selected B. thuringiensis insecticides showed 
that Condor OF® at 1.17 liters (form)/ha. Design 50WP® at 0.45 kg (form)/ha, 
Dipel ES-NT® at 1.17 and 2.34 liters (form)/ha. Javelin WG® at 0.45 kg 
(form)/ha, MVP® at 1.17 liters (form)/ha. Raptor® at 1.17 and 2.34 liters 
(form)/ha and thiodicarb at 1.17 liters (form)/ha caused significantly greater 
mortality than the untreated control at 2 h posttreatment. Thiodicarb caused
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significantly greater mortality of larvae than all B. thuringiensis treatments 
except Condor OF® at 1.17 liters (form)/ha at 2 h posttreatment. At 72 h 
posttreatment, only Dipel ES-NT® at 2.34 liters (form)/ha. Raptor® at 2.34 
liters (form)/ha, Javelin WG® at 0.45 kg (form)/ha and thiodicarb caused 
mortality that was significantly greater than the untreated control. Dipel ES- 
NT® at 2.34 liters (form)/ha. Raptor® at 2.34 liters (form)/ha and Javelin WG® 
at 0.45 kg (form)/ha also caused mortality that was not significantly different 
than that of thiodicarb at 72 h posttreatment.
Two field trials were conducted to measure the effects of selected B. 
thuringiensis insecticides for control of bollworm and tobacco budworm. In 
the first test. Condor OF® at 1.17 liters {form)/ha, Dipel ES® at 1.17 liters 
(form)/ha. Design 50WP® at 1.12 kg (form)/ha. Javelin WG® at 0.56 kg 
(form)/ha and Vault WP® 0.56 kg (form)/ha provided control comparable to 
thiodicarb at 1.17 liters (form)/ha with the exception of Biocot® at 1.17 liters 
(form)/ha and Delta Bt® 0.58 liters (form)/ha. All treatments except Delta Bt® 
reduced feeding significantly below that observed in the untreated control. 
In the second test, there were no treatments that significantly reduced 
bollworm and tobacco budworm damaged squares compared to that in the 
untreated plots. However, Biocot® at 4.67 liters (form)/ha. Design 50WP® at 
2.24 kg (form)/ha, Dipel ES® at 2.34 liters )form)/ha and thiodicarb at 1.75 
liters (form)/ha significantly reduced feeding injury compared to that in the
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untreated plots. Insecticides did not have a significant effect on numbers of 
squares infested with larvae.
Studies were conducted to measure the effects of Dipel ES® on tobacco 
budworm growth and survival. A laboratory strain of tobacco budworm larvae 
(LSU-LAB) exposed to a single application of Dipel ES® at 0.29 or 1.17 liters 
required significantly longer to pupate (1.7 and 4.5 d, respectively) and had 
a longer cycle (larva to adult) (2,3 and 5 d, respectively) than unexposed 
larvae. There was no significant effects of Dipel ES® on pupal weight or d to 
adult eclosion. LSU-LAB tobacco budworm larvae exposed to a single 
application of Dipel ES® at 1.17 liters had significantly lower larval weights at 
6 and 10 DAT and also had significantly lower adult eclosion than unexposed 
tobacco budworm.
Studies were conducted to measure the effects of insecticide use 
strategies (alterations of application volume) of Dipel ES® on cotton genotypes 
for bollworm and tobacco budworm control. A variety by insecticide 
interaction was observed during these experiments for boll weevil, 
Anthonomus grandis grandis Boheman, damaged squares. All treatment 
combinations that included LA 850082 had significantly fewer boll weevil 
damaged squares than all other combinations except those involving lamda- 
cyhalothrin. The results of these trials also indicated that application volume 
did not have a significant effect on bollworm and tobacco budworm control
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with Dipel ES®. LA 850082 was confirmed to exhibit some levels of 
resistance to bollworm and tobacco budworm.
Results of studies during 1992-94 with transgenic B. thuringiensis 
cotton lines demonstrated that these lines provided control comparable to 
conventional chemical control strategies. Bollworm and tobacco budworm 
damaged squares seldom exceeded 5% in the transgenic lines. Five, four and 
three insecticide applications were applied in 1992, 1993 and 1994, 
respectively, to the nontransgenic cultivars for bollworm and tobacco 
budworm control compared to no insecticides being needed for the transgenic 
cotton lines. The transgenic varieties also significantly reduced foliage 
damage caused by beet armyworm, Spodoptera exigus (Hûbner), and soybean 
looper, Pseudopiusia inciudens (Walker), in the field. However, in laboratory 
evaluations with beet armyworm, the transgenic variety did not have a 
significant negative effect on growth or survival. Transgenic lines usually 
produced yields that were comparable to the nontransgenic control but usually 
not comparable to recommended commercial cotton varieties used in the Mid- 
South.
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APPENDIX A:
MORTALITY OF TOBACCO BUDWORM EXPOSED TO DIPEL ES® AND 
CONDOR OF® IN LABORATORY BIOASSAYS
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Table A .I .  Corrected mortality (±  SE) of LSU-LAB tobacco budworm larvae 
exposed to plant terminals at 2 and 72 h after treatment with Dipel ES® and 
thiodicarb (Macon Ridge branch of the Northeast Research Station, 1992).
Treatment
Rate/ha 
liters (form)
% Mortality ±  SE
2 HAT’ 72 HAT’
Dipel ES® 0.29 7.5 ±  1.8 cd 8.1 ± 4.7 cd
Dipel ES® 0.58 16.4 ± 1 1 .2  bed 0.0 ± 0.0 d
Dipel ES® 1.17 29.0 ±  12.0 be 5.8 ± 5.8 bd
Dipel ES® 2.34 32.1 ±11 .1  be 7.9 ± 4.5 bd
Dipel ES® 4.67 36.4 ±  13.3 b 23.4 ±  15.2 abc
Thiodicarb 1.17 66.4 ±  13.4 a 46.5 ±  16.2 a
Untreated ---- 0.0 ±  0.0 d 0.0 ± 0.0 d
Means within a column followed by a common letter are not significantly 
different, (P > 0.025, Least Squares Means).
 ^ Hours after treatment.
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Table A.2. Corrected mortality (±  SE) of MRS93/FDY94 collected tobacco 
budworm larvae exposed to plant terminals at 2 and 72 h after treatment with 
Dipel ES® and thiodicarb (Macon Ridge branch of the Northeast Research 
Station, 1993-1994).
Rate/ha % Mortaiitv ±  SE
Treatment liters (form) 2 HAT' 72 HAT'
Dipel ES® 0.29 6.7 ± 3.9 bd 4.0 ± 2.5 be
Dipel ES® 0.58 17.3 ± 8.9 b 1.4 ± 1.4 b
Dipel ES® 1.17 8.5 ± 6.3 bd 2.4 ± 1.4 b
Dipel ES® 2.34 20.7 ± 9.3 be 7.7 ± 4.2 ab
Dipel ES® 4.67 43.4 ±  13.6 ac 16.9 ± 7.4 ac
Thiodicarb 1.17 52.6 ±  12.0 a 21.3 ± 8.9 a
Untreated ---- 0.0 ± 0.0 d 0.0 ± 0.0 b
Means within a column followed by a common letter are not significantly 
different, (P > 0.025, Least Squares Means).
’ Hours after treatment.
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Table A 3. Corrected mortality (±  SE) of LSU-LAB tobacco budworm larvae 
exposed to plant terminals at 2 and 72 h after treatment with Condor OF® and 
thiodicarb (Northeast Research Station, 1993).
Rate/ha  % Mortaiitv ±  SE__________
Treatment liters (form) 2 HAT  ^ 72 HAT’
Condor OF® 0.29 36.2 ±  16.1 ab 7.5 ±  4.3 be
Condor OF® 0.58 42.1 ±  20.1 ab 34.5 ±  12.3 ab
Condor OF® 1.17 67.3 ±  10.7 a 35.3 ±  14.7 ab
Condor OF® 2.34 60.9 ±  15.4 a 51.6 ±  10.4 a
Condor OF® 4.67 53.9 ±  14.7 a 46.1 ±  13.2 a
Thiodicarb 1.17 65.0 ±  9.2 a 48.5 ±  12.2 a
Untreated ---- 0.0 ±  0.0 b 0.0 ±  0.0 c
Means within a column followed by a common letter are not significantly 
different, (P >  0.025, Least Squares Means).
’ Hours after treatment.
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Table A 4. Corrected mortality (±  SE) of FDY94 collected tobacco budworm 
larvae exposed to plant terminals at 2 and 72 h after treatment with Condor 
OF® and thiodicarb (Macon Ridge branch of the Northeast Research Station, 
1994).
Rate/ha % Mortaiitv ±  SE
Treatment liters (form) 2 HAT' 72 HAT’
Condor OF® 0.29 14.2 ±  8.5 ab 8.5 ± 4.9 a
Condor OF® 0.58 7.3 ±  4.4  ab 6.2 ± 5.5 a
Condor OF® 1.17 18.2 ±  6.4 be 11.3 ± 5.7 a
Condor OF® 2.34 49.1 ±  10.2 d 5.1 ± 5.1 a
Condor OF® 4.67 39.4 ±  8.2 cd 10.2 ± 2.3 a
Thiodicarb 1.17 55.0 ±  7.1 d 4.0 ± 3.8 a
Untreated 0.0 ±  0.0 a 0.0 ± 0.0 a
Means within a column followed by a common letter are not significantly 
different, (P >  0.025, Least Squares Means).
 ^ Hours after treatment.
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Table A.5. Corrected mortality (±  SE) of LSU-LAB tobacco budworm larvae 
exposed to plant terminals at 2, 24 and 48 h after treatment with Dipel ES® 
(Macon Ridge branch of the Northeast Research Station, 1994).
Rate/ha
Treatment liters (form) % Mortality ±  SE
2 HAT’
Dipel ES® 0.29 37.2 ± 19.2 b
Dipel ES® 1.17 84.9 ± 5.6 a
Untreated^ 0.0 ± 0.0 c
24 HAT
Dipel ES® 0.29 10.8 ± 6.8 be
Dipel ES® 1.17 33.9 ± 15.3 b
Untreated — — 0.0 ± 0.0 c
48 HAT
Dipel ES® 0.29 2.3 ± 2.3 c
Dipel ES® 1.17 3.4 ± 3.4 c
Untreated ----------- 0.0 ± 0.0 c
Means within a column followed by a common letter are not significantly 
different, (P >  0.05, LSD).
’ Hours after treatment.
 ^Mortality was corrected for that in each control within a time interval.
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APPENDIX B:
COTTON VARIETY BY INSECTICIDE INTERACTION FOR 
BOLL WEEVIL DAMAGED SQUARES
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Table B.1. Effects of cotton varieties and insecticide combinations on boll
weevil control at the Macon Ridge branch of the Northeast Research Station,
1992-1994.
Factor
Variety Insecticide
Rate/ha 
liters (form)
Application vol. 
liters/ha
%Boll weevil 
damaged sq.
Gumbo 500 Untreated — — 20 .4  be
Gumbo 500 Dipel ES® 1.75 102.9 21.0  be
Gumbo 500 l-cyhalothrin 0.26 56.1 15.0 de
Gumbo 500 Dipel ES® 1.75 56.1 22.8 b
LA 850082 Untreated ----------- ----------- 13.0 de
LA 850082 Dipel ES® 1.75 102.9 12.4 de
LA 850082 l-cyhalothrin 0.26 56.1 10.2 e
LA 850082 Dipel ES® 1.75 56.1 10.4 e
Deltapine 51 Untreated ----------- ----------- 23.0 ab
Deltapine 51 Dipel ES® 1.75 102.9 21.0 b
Deltapine 51 l-cyhalothrin 0.26 56.1 17.4 cd
Deltapine 51 Dipel ES® 1.75 56.1 29.0  a
Means within a column followed by a common letter are not significantly 
different (P > 0.05, Least Squares Means).
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APPENDIX C:
PERCENT HELIOTHINE LARVAE INFESTED SQUARES AND BOLL WEEVIL 
DAMAGED SQUARES FOR TRANSGENIC Bt COTTON AND NONTRANSGENIC 
COTTON AT THE NORTHEAST RESEARCH STATION, 1992-1994
116
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
CD■D
O
Q .
C
g
Q .
■D
CD
C/)W
o'3
0
3
CD
8
■D
( O '3"
1
3
CD
"nc3.
3"
CD
CD■D
O
Q .C
aO
3
■D
O
CD
Q .
Table C.1. Percent Heiiothlne larvae Infested squares for transgenic Line 81 and Coker 312 (original nontransgenic
parental cultlvar) cotton, 1992.
Samole Date
Treatment 8 July 14 July 17 July 21 July 24 July 29 July 3 August 10 August 13 August 18 August^
Line 81 
(treated)’ 1.2 a 0.0 a 0 .0  a 0 .0  a 0 .0  b 0.0 b 0 .0  a 0 .0  a 0 .0  a 0.0  b
Line 81 
(untreated) 0 .0  a 0 .0 a 0 .0  a 0 .0  a 0 .0  b 0.0 b 0.0 a 0 .0  a 0 .0  a 0.0 b
Col<er 312  
(treated)* 0 .0  a 2.0 a 1.2 a 1.3 a 1.2 b 4.0 ab 1.2 a 0.0  a 0 .0 a 0.0 b
Coker 312  
(untreated) 0 .0  ab 1.2 a 0.0 a 2.0 a 4.0 a 9.2 a 4.0 a 2.0 a 3.2 a 0.0 a
P > F 
LSD
(0.4363)
1.6
(0.3272)
2.8
(0.4363)
1.6
(0.1743)
5.2
(0.0239)
2.8
(0.0085)
5.2
(0.1138)
3.6
(0.0877)
2.0
(0.1298)
3.2
(1.000)
0.0
Means within a coiumn followed by a common letter are not significantly different, (P > 0.05, LSD). 
’ Never treated, did not exceed 5% Heliothine damaged squares.
 ^Treated when Heliothine damaged squares were ^  5%.
 ^ Heliothine larvae infested bolls.
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Table C.2. Percent boll weevil damaged squares for transgenic Line 81 and Coker 312 (original nontransgenic parental
cultlvar) cotton, 1992.
Samole Date
Treatment 8 July 14 July 17 July 21 July 24 July 29 July 3 August 10 August 13 August 18 August*
Line 81 
(treated)' 0 .0  a 1 .2a 0.0  a 0 .0  a 2.0 a 4.0 a 10.0 a 5.2 a 17.2 a 0.0  a
Line 81 
(untreated) 0 .0  a 0 .0  a 0.0 a 0 .0  a 1.2 a 1.2 a 11.2 a 3.2 a 20.0 a 0 .0 a
Coker 312  
(treated)* 1.2 a 1.2 a 1.2 a 1.2 a 0 .0  a 4.0 a 9.2 a 5.2 a 19.2 a 3.2 a
Coker 312  
(untreated) 1.2 a 0 .0  a 0.0 a 3.2 a 4.0 a 13.2 a 23.2 a 9.2 a 25.2 a 0 .0  a
P >  F 
LSD
(0.6310)
2.4
(0.6310)
2.4
(0.4363)
1.6
(0.4363)
4.4
(0.4047)
5.2
(0.0788)
9.2
(0.1132)
12.8
(0.4500)
8.0
(0.8190)
19.2
(1.0000)
4.8
Means within a column followed by a common letter are not significantly different, (P > 0.05, LSD). 
’ Never treated, did not exceed 5% Heliothine damaged squares.
 ^Treated when Heliothine damaged squares were 5%.
 ^Boll weevil damaged boils.
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Table C.3. Percent Heliothine larvae Infested squares for transgenic Line 1076 and Coker 312 (original nontransgenic
parental cultlvar) cotton, 1993.
Samole Date
Treatment 1 July 8 July 13 July 19 July 27 July 2 August 9 August
Line 1076 - 2%  
action threshold' 0 .0  a 0 .0  a 0.0 a 0 .0  a 0.0 c 0 .0  b 0 .0  b
Line 1076 - 5%  
action threshold' 1.2 a 0 .0  a 0.0 a 0 .0  a 0.0 c 0 .0  b 0.0  b
Line 1076 - 8%  
action threshold' 1.2 a 0 .0  a 0.0 a 0 .0  a 0 .0  0 0 .0  b 0.0  b
Line 1076 
(treated 1* 0 .0  a 0 .0  a 0 .0  a 0 .0  a 1.2 be 0.0  b 0.0  b
Line 1076  
(untreated) 1.2 a 0 .0  a 0 .0  a 0.0 a 0.0 c 0 .0  b 0 .0  b
Coker 312  
(treated)* 0 .0  a 1.2 a 0.0 a 0 .0  a 6.0 a 4.0 ab 1.2 b
Coker 312  
(untreated) 0 .0  a 0 .0  a 0 .0  a 0.0 a 4.0 ab 8.0 a 4.0 a
P >  F (0.6589) (0.4552) (1.000) (1.000) (0.0179) (0.0040) (0.0041)
LSD 2.0 1.2 0.0 0.0 4.0 4.4 2.0
3
C/)
o'
Means within a coiumn followed by a common letter are not significantly different, (P > 0.05, LSD).
’ Treated when Heliothine damaged squares were within thresholds, respectively.
 ^Coker 312 and transgenic Line 1076 treated when Heliothine damaged squares were S: 5% in Coker 312.
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Table C.4. Percent boll weevil damaged squares for transgenic Line 1076 and Coker 312 (original nontransgenic
parental cultlvar) cotton, 1993.
Samole Date
Treatment 1 July 8 July 13 July 19 July 27 July 2 August 9 August
Line 1076 - 2%  
action threshold' 7.2 a 1.2 a 0.0 a 3.2 a 22.0 a 13.2 a 3 1 .2 a
Line 1076 - 5%  
action threshold’ 5.2 a 0 .0  a 2.0 a 1.2 a 29.2 a 22.0 a 32.0 a
Line 1076 - 8%  
action threshold’ 9.2 a 1.2 a 3.2 a 2.0 a 2 1 .2 a 18.0 a 19.2 a
Line 1076 
(treated)’ 1.2 a 0.0  a 0.0  a 1.2 a 19.2 a 19.2 a 11 .2a
Line 1076 
(untreated) 5.2 a 2.0 a 1.2 a 0.0  a 31.2 a 24.0 a 21.2 a
Col<er 312  
(treated)’ 1.2 a 0 .0  a 0.0 a 0.0  a 31.2 a 17.2 a 34.0 a
Coker 312  
(untreated) 12.0 a 0 .0  a 0.0 a 3.2 a 38.0  a 19.2 a 44.0 a
P > F 
LSD
(0.4243)
10.0
(0.6817)
2.8
(0.1958)
2.8
(0.6931)
4.8
(0.4246)
20.0
(0.7979)
14.8
(0.2542)
27.2
Means within a coiumn foliowed by a common letter are not significantly different, (P > 0.05, LSD).
’ Treated when Heliothine damaged squares were within thresholds, respectively.
 ^Coker 312 and transgenic Line 1076 treated when Heliothine damaged squares were & 5% in Coker 312.
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Table C.5. Percent Heliothine larvae infested squares for transgenic Line 531 and Coker 312 (original nontransgenic
parental cultlvar) cotton, 1994.
CD
Q .
■D
CD
(/)(/)
Samole Date
Treatment 7 July 14 July 22 July 26 July 3 August 10 August
Line 531 blended seed' 
(untreated) 0 .0  a 0 .0  a 0 .0  a 0 .0  a 0.0 a 0 .0  a
Line 531 biended seed 
2% action threshold* 0 .0  a 0 .0  a 0 .0  a 1.2 a 0 .0  a 0 .0  a
Line 531 blended seed 
5% action threshold* 0 .0  a 0 .0  a 0 .0  a 2.0 a 0 .0  a 0 .0  a
Line 531 blended seed 
10% action threshold* 0 .0  a 0 .0  a 0.0  a 1.2 a 0 .0  a 0 .0  a
Line 531 
(untreated) 0 .0  a 0.0 a 0.0  a 0 .0  a 0.0  a 0 .0  a
Coker 312  
(treated)* 0 .0  a 0 .0  a 0 .0  a 0 .0  a 1.2 a 0.0 a
Coker 312  
(untreated) 0 .0  a 0.0 a 0 .0  a 2.0 a 1.2 a 0 .0  a
P >  F (1.000) (1.000) (1.000) (0.6678) (0.5897) (1.000)
LSD 0.0 0.0 0.0 3.2 1.6 0.0
Means within a column followed by a common letter are not significantly different, (P > 0.05, LSD).
’ Blended seed at a ratio of 90:10 (transgenic Line 531:Coker 312).
 ^Treated when Heliothine damaged squares were within thresholds, respectively.
 ^Treated when Heliothine damaged squares were & 5%. _*
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Table C.6. Percent boll weevil damaged squares for transgenic Une 531 and Coker 312 (original nontransgenic
parental cultlvar) cotton, 1994.
Samole Date
Treatment 7 July 14 July 22 July 26 July 3 August 10 August
Line 531 blended seed’ 
(untreated) 0 .0  a 0.0 a 3.2 a 5.2 a 3.2 a 16.0 a
Line 531 blended seed 
2% action threshold* 0 .0  a 1.2 a 12.0 a 8.0 a 0 .0  a 17.2 a
Line 531 blended seed 
5% action threshold* 0 .0  a 0 .0  a 7.2 a 3.2 a 1.2 a 23.2 a
Line 531 blended seed 
10% action threshold* 1.2 a 1.2 a 5.2 a 5.2 a 3.2 a 9.2 a
Line 531 
(untreated) 0 .0  a 0.0  a 2.0 a 4.0 a 4 .0  a 19.2 a
Coker 312 
(untreated) 0 .0  a 1.2 a 13.2 a 6.0 a 8.0 a 24.0 a
Coker 312 
(treated)* 0 .0  a 0 .0  a 3.2 a 4.0 a 2.0 a 16.0 a
P >  F (0.4552) (0.6589) (0.4326) (0.8815) (0.3790) (0.5897)
LSD 1.2 2.0 13.2 8.0 7.2 16.8
Means within a column followed by a common letter are not significantly different, (P >  0.05, LSD). 
 ^ Blended seed at a ratio of 90:10 (transgenic Line 531:Coker 312).
* Treated when Heliothine damaged squares were within thresholds, respectively.
 ^Treated when Heliothine damaged squares were s: 5%.
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